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BIF) POSITIVE CONTROL OF MATERIALS FLOW 


Remote pump and valve control... 


€44444 


with immediate 
report-back... 
all over two 
wires! 


B-I-F Supervisory Control simplifies remote 


operations! 


Receive positive, immediate report-back that you have started or 
stopped a pump miles away at a predetermined flow, level or pressure 
... that a distant valve (as illustrated) has started, stopped, or throttled 
a vital process flow . . . with B-I-F’s simple, economical Synchro-Scan 
Position Indicator Controller. 


These compact, low cost, reliable units are easy to install and 
operate . . . provide centraiized control and continuous position indi- 
cation of remotely located valves, gates, feeders and similar devices. 
System consists of two units, one at remote end and other at central 
dispatching center . . . and the single pair of conductors that connect 


them. Plug-in design assures quick accessibility, minimum main- 


tenance, adaptability to cabinets or panels of many styles . . . depend- 


able, accurate performance! 


Industries 


A DIVISION OF THE NEW YORK AIR BRAKE COMPANY 


METERS FEEDERS CONTROLS / CONTINUOUS PROCESS ENGINEERING 


Request Bulletin 240.20-3 for complete details. Write... 
B-I-F Industries, 368 Harris Ave., Providence 1, R. I. 
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NEW SWING DIFFUSER... 


DESIGNED FOR HIGHER CAPACITIES . . . LOWER COSTS 


Highest 
Oxygenation 
Capacity 


One Replaces Two! 
30 Ft. Headers 


“MODEL 30’* SWING DIFFUSER PROVIDES 
GREATER ECONOMY WITH INCREASED OXYGENATION CAPACITY 


® Highest oxygenation capacity . . . positive posi- connections eliminate leakage normally encoun- 
Py tioning of 5 inch diameter Swing Diffuser with tered through metal to metal faced joints. 
‘ loadings up to 115 “Precision” Diffuser Tubes. ‘ 
k ® Lubrication eliminated . . . Stainless steel and 
® Lower head loss . . . Exclusive unobstructed air Tefion lined joints eliminate need for lubrication. 


flow construction makes over 280% more air 
available from the Model 30 than is obtained IN ADDITION, the new Model 30 Swing Dif- 


from any single conventional unit; 40% more fuser provides all the advantages of the famous 
air than obtained from any two conventional “Chicago” Swing Diffusers proved successful in 
units—at no increase in head loss. thousands of installations. Individual units are 

© Headers are 30 feet long . . . fewer swing diffuser easily raised for cleaning and inspection without 
units necessary, lower installed costs. interruption of tank operation. 


. unique, sealed flexible Ask for Bulletin No. 179 
HYDRODYNAMICS DIVISION ©1961 CP-FMC 
me CHICAGO PUMP re 
CORPORATION 


622E Diversey Parkway « Chicago 14, Illinois 


© Air leakage eliminated . . 
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Guar 


against pollution with P F-T. equipment 
at Bethel, Pennsylvania 


The Borough of Bethel, Pennsylvania has become the fifth largest borough in 
population in the entire state even though it is only 65% developed. 


Rapidly expanding, 400 new homes being built each year and increasing 
numbers of new industries moving into this area, Bethel’s civic leaders have 
recognized the need of an efficient sewage treatment plant. 


Today, this modern sewage treatment plant is a major factor in attracting 
new industries and assuring the healthy growth and development of this area. 


The following P.F.T. equipment is giving Bethel a plant providing an 
effective and important health-guard for this community. 1 P.F.T. 

55’ Floating Cover, 1 P.F.T. 55’ Spiral Guided Gas Holder; both provided 
with a P.F.T. Gas Recirculation System, P.F.T. Insulated Aluminum Roofing, 
2 P.F.T. Liquidometer Cover Position Indicators with High and Low Level 
Alarms, 1 P.F.T. #750 Heater and Heat Exchanger Unit and P.F.T. Gas 
Safety Equipment. 


Bethel’s Sewage Treatment Plant Designed by Chester Engineers, Consulting Engineers, Pittsburgh, Pa. 


waste treatment equipment exclusively since 1893 


PACIFIC FLUSH TANK CO. 
4241 RAVENSWOOD AVENUE, CHICAGO 13, ILLINOIS 


* SAN MATEO, CALIF. «© CHARLOTTE, N.C. © JACKSONVILLE «© DENVER 
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A monthly journal devoted to the advancement of fundamental and practical knowledge concerning the nature, collec- 
tion, treatment and disposal of sewage and industrial wastes, and the design, construction, operation and management 
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EDITORIAL AND EXECUTIVE OFFICES: 4435 Wisconsin Ave., N.W., Washington 16, D. C. Send all 
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monthly by the Water Pollution Control Federation at Prince & Lemon Sts., Lancaster, Pa 


SUBSCRIPTION RAT ES S: Members of local associations affiliated with the Federation: $8.00 per calendar year 
All others, U. S. and Car $1 per calendar year; other countries, $11.50 per calendar year. Single copies 
U. S. and Canada: $1.25 each; other countries: $1.50 each 
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sixty (60) days of the date of issue and no claims will be allowed for issues lost as a result of insufficient notice of 
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Industrial Arts Index and Engineering Index. Microfilm copies of this JouRNAL may be procured from University 
Microfilms, Ann Arbor, Mich s service is limited to regular subscribers only. 


Library of Congress Catalog Card Number: 42-19992 


Copyright © 1961, b 1e Water Pollution Control Federation. Reprints from this publication may be made only 
if permission of the Edit. r is secured and on condition that the full title of the article, name of the author and 
complete reference are given. The Federation assumes no responsibility for opinions or statements of facts expressed 
in papers or discussions published in this Journat 
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anexample of = 
NICHOLS HERRESHOFF 
Dependability... 


In February 1952 NICHOLS HERRESHOFF 
FURNACE was placed on line burning undi- 
gested sewage solids. After eighty-three 
thousand hours of continuous duty, more than 
one and a half billion pounds of sludge 


cake had been burned to o sterile ash. THIS ‘ 
1S DEPENDABILITY. 
The first sludge burning furnace in the world a 
NICHOLS HERRESHOFF—is still on the 
job at age 27 years. THIS [S DEPENDABILITY. 4 
you ore interested in dependability like 


this and in low cost and complete disposal of 
all sewage solids—write us today for a copy 
of our illustrated Brochure 238-A with fur- 
ther information. 


960 1961 


80 Pine Street, New York 5, New York 
N. Hovey Street, Aca Ave., Burlingame, Calif. 
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PUBLIC WORKS DIVISION 


WPCF MEMBER ASSOCIATIONS 


Alabama Water and Sewage Assn.* 
Y FINNELL, Jr., Sec., Univ. of Alabama, Uni- 
versity, Ala 

Alaska Water Management Assn. 
Cuartes F. Watters, Sec.-Treas., Arctic Health 
Research Center, Box 96 Anchorage, Alaska 


Arizona Water and Pollution Control Assn.* 
A. D. Cox, Sec.-Treas., 2612 N. 16th St., Phoenix, 
Ariz 


Arkansas Water and Sewage Conf.* 
C. W. Oxrorp, Sec.-Treas., College of Engineering, 
Univ. of Arkansa yetteville, Ark 


California Water pelatee Control Assn. 
StepHen H. Gor Sec.-Treas., Box 
Campbell, Cali 


Canadian Institute on Poll ition Control 
Berry, Sec.-7 , Ad re Office, 
72 Grenville St., Toront 


Centra] States Sewage and Industrial Wastes 
Assn. 
Scott E. Linstey, Sec.-Treas., 2400 Childs Rd., 
St. Paul 6, Mint 


(England) Institute of Sewage Purification 
Snook, Sec., 1 Cromwell Pl., South 
Kensington, London, § /. 7, England 


(England) Institution of Public Health Engi- 
neers 
Ernest V. Batsom, Sec., 179 Vauxhall Bridge 
Rd., London, S. W. 1, England 


Federal Sewage Research Assn. 
Martin F. Kunket, Sec.-Treas., Rr 232, HEW 
South Bldg., Washington 25, I : 


Florida Pollution ¢ ontrol Assn. 
Vincent D. Patt Sec.-Treas., State Board of 
Health, Box 21 Jacksonville 1 l 


Georgia Water and Sewage Assan.* 
Rospert S. INGoLs, Se 
Biology, Georgia Inst 


(Germany) Abwassertechnische Vereinigung 
CARL REGER, Se Tre as., 8 Bertha von Suttner 
Place, Bonn, Germany 


Indiana Water P ollution Control Assn. 
Victor G. W ‘ER, Sec.-Treas., State Dept. of 
Health, 1330 W. Michigan St., Indianapolis 7, Ind. 


lowa Water Pollution Control —_ 
L Skorczeski, Se 207 S Sth Ave., Mar- 
shalltown, Iowa 


(Israel) Israel Assn. of Sanitary Engineers 
EINMESSER, S$ Ministry of ealth, Jeru 


salem, Israe 


Kansas Water Pollution Control Assn. 
Leonarp G. Suur, Sec.-Treas., City Hall, Hays, 
Kans. 


Kentucky-Tennessee Water Pollution Control 
Assn. 
S. Leary Jones, Sec.-Treas., 602 Cordell Hull 
Bidg., Nashville 3, Tenn 


Louisiana Conference on Water Supply and 
Sewerage * 

Greorce H. West, Sec.-Treas.. Box 15, Lake 
Charles, La 


Maryland-Delaware Water and Sewage Assn.* 
Ww M BINGLEY sé Treas., State Dept of 
Health, 301 W. Preston St., Baltimore 1, Md 

Michigan Sewage and Industrial W astes Assn. 
D. M. Prerct Treas., State Dept. of Health, 
Rm. 331, Admir ig ansir 4, Mich 


Mississippi w ate r Pollution Control Assn. 
AMES ( JONALD, Sec.-Treas., State Board of 
Health jack n 5, Mi 
Missouri Water Pollution Control Assn. 
<. Sec.-Treas Water Pollution 
ard, 112 W. High, Box 154, Jefferson 


ater Pollu lution Control Section 


Montana Sewage and Industrial Wastes Assn. 
A. W. Crarkson, Sec.-Treas., Div. of Environ 


Sanit., State Bi rd of Health, Helena, Mont. 


Nebraska Sewage and Industrial Wastes Assn. 
E. Bruce Meter, Sec.-Treas., Kirkham, Michael 
& Assoc., 508 S. 19th St., Omaha 2, Nebr 


New England Water Pollution Control = em 
Ricuarp F. Greerey, Sec.-Treas., Massachusetts 
Dept. of Pub. Health, 511 State House, Boston 
33, Mass 


New Jersey Water Pollution Control Assn. 
ANTHONY T. Leaney, Sec., Box 32, West Tren- 
ton, N. J 


New York w ater Pollution Control Assn. 
RAI pH C. Sweeney, Sec., State Dept. of Health, 
55 Church St., White Plains, N. ¥ 


New Zealand Sewage and Industrial Wastes 
Assn. 
K. R. Davi Sec., Metro. Drain. Bd., Box 208, 
Auckland, C. 1, New Zealand 


North Carolina Water Pollution Control Assn. 
T. Z. Ospor Municipal 


Se reas., Rm. 3 


Bidg., Gree: N.C 


North Dakota Water Pollution Control Assn. 
NORMAN L. PETERSON, Treas., State Dept. of 


Health, Bisn 


Ohio Water Pollution Control Conf. 
E. B. Ransom, Sec.-Treas., Div. of San. Engr., 
Dept ealth, 101 N. High St., Columbus 15, 


Ohi 
Oklahoma Water, Sewage and Industrial Wastes 


CRAN Sec.-Treas., 3400 North Eastern, 
Oklahoma City 5, Okla 


"acific Northwest Pollution Control Assn. 
Gi.Bert H. Dunstan, Sec.-Treas., Box 176, Pull- 
man, Wa 


Pennsylvania Water Pollution Control Assn. 
J. R. Harvey, Sec.-Treas., State Dept. of Health, 
16 S. Main St., Meadville, Pa 


Puerto Rico Water and Sewage Works Assn. 
Ropert J. Autp, Sec.-Treas., Espana 2015, Ocean 
Park, Santurce, P. R 


Rocky Mountain Sewage and Industrial Wastes 


Lunsrorp, Sec.-Treas., Dept. of Civil 
Mexico State Univ., University Park, 


South Carolina Water and Pollution Control 
S3oweEN, Sec., 417 Wade Hampton 
Cc 


South Dakota Water Pollution Control Assn. 
Don C. Katpa, Sec.-Treas., Div. of San. Engr., 
State Board of Health, Pierre, S. Dak 


(Sweden) Féreningen fir Vattenhygien 
Ertk Jonsson, Sec., Box 5038, Stockholm 5, 
Sweden 


(Switzerland) Verband Schweizerischer Abwas- 
serfachleute 

Pierre Wip1, Sec., 28 Hegemmatt, Zurich 2/38, 
Switzerland 


Texas Water and Sewage Works Assn.* 
G.R HERzIK Jx., Sec., Div. of San. Engr., State 
Dept. of Health, Austin, Tex. 


Utah Water Pollution Control Assn. 
W. ANveRTON, Sec.-Treas., 2500 S. State 
st., Salt Lake City 15, Utah 


Virginia Water Pollution Control Assn. 
Orvat J. Hanon, Sec.-Treas., Hercules Powder Co., 
Hopewell, Va 


West Virginia Water Pollution Control Assn. 
Gren O. Fortney, Sec.-Treas., State Dept. of 
Health, Charleston 5, W. Va 
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SOILFILTER 


. excessive storage in cold digester, 
with septic sludge and odor. 


| utilize Coilfilters’ fresh solids 
dewatering ability. 


The Westgate Sewage Treatment Plant (County of 
Fairfax), New Alexandria, Virginia, was originally designed 
with rectangular primary clarifiers, cold digester, vacuum 
filtration and dryer. 


Due to the large volume of sludge required to keep 
the liquid seal on the digester cover, the sludge became 
septic and there were offensive odors. 


To solve this problem, piping changes were made 
so that the two 8’ x 8’ Coilfilters, installed in 1951, could 
filter the sludge directly from holding tanks which received 
sludge from the primary clarifiers. 


This fresh solids is now dewatered six hours a day, 
six days a week on the Coilfilters, generally without any 
chemical aids required, except in periods of the year when 
air temperatures make the addition of lime desirable. 


Filter yields of six to eight pounds of dry solids per 
square foot per hour are reported for this Plant without the 
use of chemicals. 


Westgate Plant Supt.: James R. Dooley 


KOMLINE-SANDERSON 
ENGINEERING 
PEAPACK, NEW JERSEY 
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Association * 


Alaska 

New York 
Mississippi 
Texas 
Louisiana 
Arkansas 
New Jersey 
Montana 
Virginia 
West Virginia 
California 
Kansas 
Arizona 
Michigan 
Alabama 
New England 
Iowa 


Central States 


MEMBER ASSOCIATIONS MEETINGS 


Place 
1962 Harbor House, Anchorage 
Park Sheraton Hotel, New York 
Robert E. Lee Hotel, Jackson 
Texas A & M College, College Station 
Louisiana State University, Baton Rouge 
Marion Hotel, Little Rock 
Traymore Hotel, Atlantic City 
Baxter Hotel, Bozeman 
Hotel Roanoke, Roanoke 
Hotel Morgan, Morgantown 
Sacramento Inn, Sacramento 
Lassen Hotel, Wichita 
Pioneer Hotel, Tucson 
Park Place Hotel, Traverse City 
June 4—6 Auburn University, Aubur 
June 6- Wentworth by Sea, Portsmouth, N. H. 
June 13-15 Hotel Hanford, Mason City 


June 20-2: Hotel Duluth, Duluth, Minn. 


* See preceding left-hand page for full name. 


THIRTY-FIFTH ANNUAL MEETING 


Water Pollution Control Federation 


HOST—Canadian Institute on Pollution Control 


Toronto, Ontario, Canada 


Royal York Hotel 
October 7-11, 1962 
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LIQUID 
EVEL 

A : GAS LINE DRAIN SUMP ' 

EQUALLY SPACED CORBELS 


CONCRETE SHELL 


FLEXIBLE HOSE 
DRAIN 


SECTIONAL ELEVATION 
t 


214’ diameter single plate design for 
gashoider at Long Beach, California. 


i 
673a 
New MONODECK™ oating cover 
| | : 
____ improved structural and operating features 
By exclusive afrangement with General 4. Upto.60 feet in diameter, the "MONODECK” 
Offers the "MONODECK” floating cover for tank and lifted by the contractor's crane into 
Offers the same constructed simultaneously. Savings in erec: 
basic structural features 'which have been tion costs may be as much as 50% on the 
orpor ed in th 4 foot diameter gas larger covers. 
2 cover are: reduces the dead load to 15 pounds peg sq. ft. 
is a structurat PROMPT DELIVERY at LOW FREIGHT COSTS tg 
bending 2nd SOUTHERN, MOUNTAIN AMO WESTERN STATES. 
: d-welde single deck to which a today for bulletin 
in structure with single roller guide banishes General Offices: 
Pe 
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Water, 
up hill and down dale, 
for a century or more 


Terrain doesn’t affect cast iron pipe 
performance. 

This water supply line in Hagers- 
town, Maryland, for example, will 
carry the traffic load of an express 
highway. Yet, the officials of Hagers- 
town expect no major repairs or re- 
placements in this line for a century 
or more. 


e Cast iron pipe’s rugged strength 
supports any normal load. 


e The joints remain bottle-tight 
through severe pressures. 


e The cement lining insures an un- 
interrupted full flow. 


e Cast iron pipe does its job effi- 
ciently for as much as a hundred 
years or more. 


CAST IRON PIPE RESEARCH ASSOCIATION 
Thos. F. Wolfe, Managing Director 
3440 Prudential Plaza, Chicago 1, Illinois 


IRON PIPE 


THE MARK OF PIPE THAT LASTS OVER 100 YEARS 


* 
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“It puts together 
mighty easy Lucy... 
shecks... you ain't put together 
too bad yourself” 


cast iron 


FOR WATER, SEWERAGE AND 
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TYTON 


ONLY FOUR SIMPLE ACTIONS 


a honey 
to handle 


Tyton Joint® pipe, naturally . . . Insert gasket with groove over bead in gasket seat 


a simple hand operation 
This rugged dependable pipe goes together so easily even 


green crews become experts quickly. Consider: 


Only one accessory needed—a rubber gasket. 
No nuts, bolts, bell holes, caulking equipment. And Tyton 
can be laid in rain or wet trench when necessary. 


High installation costs crowding your budget? 4 ; 
Get the time-and-money-saving facts on Tyton Joint* 

pipe today. Call or write: 

S. Patent No. 2,953,398 


Wipe film of Tyton Joint® lubricant over inside of 
gasket. Your receiving pipe is ready 


Insert plain end of entering pipe unt it touches 
gasket. Note two painted stripes on end 


U.S. PIPE AND FOUNDRY COMPANY 
Genera! Office: Birmingham 2, Alabama 


" Makers of USIFLEX® Boltless Flexible Joint Pipe. 


Push entering pipe until the first painted stripe dis- 


® 
appears and the second stripe is approximately flush 
INDUSTRIAL SERVICE GD with bell face. The joint is sealed . bottle-tight, 
permanently! The job's done fast, efficiently, 
economically Could anything be simpler? 
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Logansport, Indiana, Sewage Treatment plant was designed 


by Henry B. Steeg and Associates, Indianapolis, Indiana. 


Cake Moistures Average 68.8% with 
£LEIMCOGELT. Filter at Logansport, Ind. 


Low cake moisture is only one 
of several ways this EimcoBelt con- 
tinuous belt filter results in low costs 
dewatering a primary activated digest- 
ed sludge at the Logansport, Indiana, 
Sewage Treatment plant. 

Other cost-cutting advantages of 
the 8-ft. diameter by 6-ft. EimcoBelt 
filter — complete freedom from filter 
medium blinding ... high vacuums... 
low chemicals costs . . . ability to dis- 
charge thin cakes . . . negligible main- 
tenance. Sludge dewatering costs at 


Logansport—$9.80 per ton of dry cake. 

In dozens of other sewage treat- 
ment plants, too, EimcoBelt filters are 
setting new, high operating records, 
dewatering all types of sewage sludge. 

The Eimco representative in your 
area will be glad to sit down with you 
and your consultants and provide spe- 
cific facts on how EimcoBelt filters can 
reduce costs in your plant. Call him, 
and write The Eimco Corporation, 
Filter Division, Salt Lake City 10, 


Utah, U.S.A. for Bulletin FJ-2053. 


Hy-Flow filter valve, 
developed by Eimco, 
eliminates all right 
angle bends in passages, 
resulting in the most 
effective use of 
vacuum. 


| 


q High vacuum levels 


of 20-26-in. Hg. 
can be maintained 
across the face of the 
drum on EimcoBelt ¢ 
filters. Improved seal 
eliminates end leakage. 


EimcoBelt filters remove _the belt filter medium from the drum continuously for cake 
discharge and cleaning. High velocity sprays wash the medium clean, front and back, 
pe aa it ig returned to the drum. No fall-off in filtration rate caused by progressive 

inding. 


EimcoBelt and Hy-Flow are trademarks of the Eimco Corporation. 


“Advanced Engineering and Quality Craftsmanship Since 1884" 
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First and last it pays to make concrete plans for your community 


with the best possible medium for water transmission—CONCRETE 
PRESSURE PIPE. 
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Your community's future 


demands 


Why are so many communities turning to 
concrete pressure pipe for their main water 
lifeline of the future? Farsighted waterworks 
authorities recognize that the present critical 
demands, brought about by our recent popu- 
lation and industrial explosion, may easily be 
doubled within the next 25 years. 

They also recognize that, with concrete 
pressure pipe, plans for the future are laid on 
a solid foundation of an exceptional life span, 
minimum maintenance requirements and vir- 
tually no replacement costs. But most of all, 
their planning can be accurate, because con- 
crete pressure pipe’s initial high carrying 


planning 


capacity will remain unimpaired in years to 
come when demands on the line will be 
highest. 


WATER FOR GENERATIONS TO COME 


PRESSURE 


CONCRETE PRESSURE PIPE ASSOCIATION 


228 North LaSalle Street e Chicago 1, Illinois 
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90% of the Cities 
in the United States 
use this ROD for 
cleaning sewers... 


T BE A REASON! 


e BEST BY LABORATORY AND FIELD TEST 
e SPECIAL STEEL FOR SEWER RODDING 


FLEXICROME RODS are the end . e ACID RESISTANCE TREATED 


result of many years of field and = 

laboratory tests. When you spe- © GROOVED COUPLINGS 
cify “Flexicrome” you get these ’ 

important, exclusive features: 


* Special alloy steel for extra 
toughness and durability. 


* Heat fused rod coating for 
better sewer acid resistance. % Patent No. 2,471,060 


* Solid center, grooved coup- 
lings for extra rod end sup- 
port, and faster assembly. 
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NEW AMERICAN MECHANICOMB 


TOTAL OXIDATOR-AERATOR 


This 4-in-1 “Mechanicomb is a diffusion aerator, mechanical aerator, and agita- 
tor all-in-one—utilizes sparged air and atmospheric air—achieves total oxida- 
tion through complete aeration-mixing, constant agitation, and continuous dif- 
fusion. Combines the American Aircomb Diffuser with the American Mechan- 
ical Aerator and Turbine-Type Impellers. Facilitates and accelerates the treat- 
ment of sewage and industrial wastes. 


As it introduces and distributes air at the desired rate, the Mechanicomb keeps 
the tank contents in violent and intimate contact with this air to assure the 
greatest amount of oxygen absorption and aeration mixing. Does not permit 
any settling at the bottom of the tank—greatly increases oxidation efficiency. 


Send for Bulletin No. 420 


ALL-IN-ONE 
Diffusion Aerator 
Mechanical Aerator 
Continuous Agitator 
Utilizes both Sparged Air 
and Atmospheric Air 


UNIQUE AIRCOMB® DIFFUSER 


Teeth on both sides provide multiple, variable-capac- 
ity, self-cleaning orifices that automatically adjust the 
air-flow for controlled aeration. Peak-dome design 
prevents accumulation of solids. Used in variety of 
arrangements, as in the Mechanicomb shown above, 
or in parallel on header pipes. No maintenance is 
required, Guaranteed unconditionally for five years. 


Send for Bulletin No. 415. (Patent No. 2,917,295) 


The complete AMERICAN line in- 

cludes a wide selection of methods, 

processes and equipment for sewage . 

treatment, industrial waste treatment, 110 N. BROADWAY NO, AURORA, ILLINOIS 
and water purification. Consult our Research, Engineering Waste and Water Treating, 
engineering staff for expert applica- and Manufacturing est.1868 Mixing, and Pumping Equipment 
tion aid and technical data. SALES OFFICES. CHICAGO, NEW YORK. AND OTHER PRINCIPAL CITIES 
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SET IT... FORGET IT... 


THE W&T MERCHEN FEEDER 


When your dry feeding process calls for accuracy hour after 
hour, you need Merchen Feeders. Wallace & Tiernan Merchens 
feed like clockwork without attention .. . never waver in even 
the most exacting use. 


Their 0.1% sensitivity means that a change as small as 1 ounce 
in a 63-pound belt load automatically corrects the feed gate 
setting. You get continuous delivery at set feed rate. And you 
get true gravimetric feeding. Merchens are never affected by 
density changes. They self-adjust. You select the feed rate; 
the Merchen does the rest. 


And Merchens give you the other qualities you look for in a 
feeder: minute-to-minute accuracy within +1%, rigid, vibra- 
tion-free construction, compact size to fit almost anywhere, 


For more information, write Dept. M-63.84. 


SFA WALLACE & TIERNAN INC. 
25 MAIN STREET, BELLEVILLE 8, NEW JERSEY 
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SPECIALIZED 


EQUIPMENT 


Above Ground Sewage Lift Station ) 


e Lower Purchase and Maintenance 
cost 

eo Maintenance Ease 

e Most accessible impeller on the 
market 

e Exclusive Davco non-clog 
self priming sewage pump. 


Only Daveco offers 
CHD. a complete line of 
sewage lift stations. 


Ground Self-Priming Pump Station ) 


Flexible bulkhead seals 

or grouted sleeve 

Automatic, time tested controls 
system. 

Positive high lift self 

priming pumps. 

Lifelong exterior protection 


Daveo planning and 
design service avail- 
able to consulting engineers. 


Flooded Suction Sewage Lift Station 


Flexible Bulkhead Seals or 
grouted sleeve. 

e Flood Control Devices 
Automatic, trouble free 
control system 

Lasting service. 


Write today for 
complete details and specifications 


CORPORATION 


P. O. BOX 270 THOMASVILLE, GEORGIA CA 6-6458 
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New $9 million sewage 
features C-E Raymond Flash 


Omaha selects C-E Raymond 
for second major installation 


The City of Omaha recently ordered three 
C-E Raymond Incinerator Units for instal- 
lation at its new Missouri River Sewage 
Treatment Plant now under construction. 
Henningson, Durham & Richardson are the 
Corsulting Engineers. 

This plant will serve an equivalent pop- 
ulation of 2,000,000 and will have a dry 
weather flow of 70 mgd, and an influent 
capacity of 210 mgd. Treatment will be on 
a primary digested basis, but the C-E Ray- 
mond equipment is designed to incinerate 
either raw primary or digested primary 
sludge. The sludge will be burned to a ster- 
ile, clinker-free ash, but the plant will be 
equipped so that the solids from any one of 


the three C-E Raymond units can be dried 
for sale as a soil conditioner of low and uni- 
form moisture content. This is the only system 
that permits both drying and incineration— 
separately or together—in any proportion. 

This is the second Omaha plant for which 
C-E Raymond equipment has been chosen. 
The first plant, the 12-mgd Papillion Creek 
treatment plant, for which Henningson, Dur- 
ham & Richardson were also consultants, has 
been in operation since 1959. This plant, 
containing a C-E Raymond Sludge Inciner- 
ator System proved the efficiency and econ- 
omy of this equipment. 

Our specialists will be glad to discuss with 
you or your consultants the many benefits 
this system can provide your community. 
For full information contact the C-E office 
nearest you. 


ALL TYPES OF STEAM GENERATING, FUEL BURNING AND RELATED EQUIPMENT; NUCLEAR REACTORS; 


OMe 

| 


Hawkins-Tolboe-Harlin (a Joint Venture), Omaha, Nebraska, are General Contractors for Omaha's 
new $9-million Missouri River Sewage Treatment Plant, architects rendering of which is shown above. 


treatment plant for Omaha 
Drying and Incineration System 


Right: Omaha's Papillion Creek 
treatment plant where C-E Ray- 
mond sludge disposal equip- 
ment has provided controlled 
drying, efficient incineration and 
excellent fly ash control since 
1959. The Parsons Construction 
Company was the General Con- 
tractor. 

Left: The C-E Raymond Flash 
Drying and Incinerator System 
provides maximum efficiency in 
processing filter cake — permits 
both drying and incineration, 
simultaneously or separately, in 
any proportion. 


COMBUSTION ENGINEERING 


C-329 


General Offices: Windsor, Conn. 
New York Offices: 200 Madison Ave., New York 16 * Raymond Division: 427 West Randolph St., Chicago 6, Ill. 
Canada: Combustion Engineering-Superheater Ltd. « Western Office: 615 So. Flower Street, Los Angeles 17, Cal. 


PAPER MILL EQUIPMENT; PULVERIZERS; FLASH DRYING SYSTEMS; PRESSURE VESSELS 
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SOUTH HAVEN, 


MIGHIGAN 


SEWAGE 25 YEARS LATER, 95% PERFECT.. 
WORKS SUBMERGED INERTOL’ STANDARD PAINT 


WATER 6-8 YEARS WITHOUT REPAINTING 


WORKS 
Exterior of the 
South Haven 
Pollution Con- 
troi Plant where 
the submerged 
areas of the 
Imhoff tanks are 
painted with 
Inertol Stand- 
ard, Adjusting 
tank valves is 
Mr. Everett 
Hattabaugh, 
supervisor and 
chemist. 


The city of South Haven is pleased with 
Inertol Standard in its sewage plant. 
Over 25 years ago two coats were ap- 
plied to Imhoff tank interiors. “Today,” 
says Mr. Max L. Norris, superinten- 
dent, “the overall paint job is still in 
95% good condition; it is practically 
perfect on submerged surfaces not sub- 
ject to tank level fluctuation.” 


In the South Haven water works, color- 
ful Torex Enamel protects filter walls. 


“Despite the continued submersion,” 
reports Mr. Norris, “the filters are only 


WORKS ... SUBMERGED TOREX* ENAMEL 


WATER 

WORKS 
Interior view 
of the South 
Haven Water 


iy Works with 


Mr. Clair B. 

Mills, operator 

at the control 

panel where he 
is washing filter. 
Filters are 
protected and 
beautified with 

~ Torex Enamel. 


repainted with Torex every 6-8 years. 
Just one coat is required for repainting.” 


For further data on Torex Enamel, 
write for Bulletin WS579: on Inertol 
Standard (for sewage plants only), 
Bulletin SW594. 


A complete line of quality coatings for 
water, sewage and industrial wastes 
plants, and swimming pools. 


a> INERTOL Co., INC. 


482 Frelinghuysen Avenue, Newark 12,N.J. 
27-H South Park, San Francisco 7, Cal. 
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highly resistant to wear and abrasion 
in sewage and water works systems 


Everpur® copper-silicon alloys have 
excellent resistance to corrosion in 
all types of water works installations 
and at all stages of sewage treat- 
ment operations. EVERDUR equip- 
ment in the United States has been 
in service without replacement for 
30 years and longer. 

Easily fabricated EvERDUR pro- 
vides high physical strength with 
lighter weight. It is used extensively 
in sewage systems handling corro- 
sive wastes in screens, stems, man- 
hole steps, guides, bolts, weirs, float 
chambers, troughs. And for water 
works equipment you will find 
EVERDUR alloys in long service as 
surface reservoir outlet screens and 
screen frames and as large diameter 
cylindrical well screens in drilled 
well supply systems. Other uses: 
spillway fittings, guides, seats and 


sealing strips. And don’t forget 
EverburR Electrical Conduit for use 
in corrosive atmospheres. 
Publication E-11 shows typical 
applications and other data. Write 
for your copy—or for assistance from 
our Metallurgical Dept. in selecting 
the proper corrosion-resistant alloys 
for your equipment. Address: Ana- 
conda American Brass Company, 
Waterbury 20, Conn. In Canada: 
Anaconda American Brass Ltd., 


New Toronto, Canada. 61-811 
EVERDUR® 
a@ product of 


ANACONDA 


AMERICAN BRASS COMPANY 
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Strong, 
Durable, 
Economical 


Armco 
SMOOTH-FLO 


Provides 


Top Flow 


Capacity, 
Long 


Service Life 


Armco SMOOTH-FLO® Sewer Pipe —corrugated galvanized steel with 
a smooth, centrifugally-applied bituminous lining that completely 
fills the inside corrugations — combines top flow characteristics with 
strength and abrasion resistance. For severe corrosive or flow con- 
ditions, lining and coating are bonded to the base metal by asbestos fibers. 
SMOOTH-FLO Structures, available in a wide range of lengths, 
gages and diameters, are flexible. They withstand heavy loads and 
shock without cracking, breaking or disjointing. Joints are 
watertight and defy separation by roots and frost action. 
See how Armco SMOOTH-FLO can meet your design requirements. 
Write Armco Drainage & Metal Products, Inc., subsidiary of 
Armco Steel Corporation, 6651 Curtis Street, Middletown, Ohio. 


€ 
ARMCQ Drainage & Metal Products 
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LUBRICATED PLUG VALVES 


to these the positive plug-freeing action which 
occurs with each lubrication, and it’s easy to 
see why Homestead Lubricated Valves last. 
Get the complete story. Send for Reference 
Book 39-1; and for the assurance that quality 
brings, specify Homestead Lubricated Plug 


They keep right on working when ordinary 
valves have to be replaced. Why? For several 
reasons. First, because of very close tolerances 
between sealing surfaces of the plug and body 
(.002” clearance on small sizes, and .005” to 
.007” on the largest sizes). Second, because of 
their controlled pressurized lubrication system 
which guarantees complete coverage of all seal- 
ing surfaces, provides chemical seal against 
leakage and protection against corrosion. Add 


Valves. 


_ HOMESTEAD VALVE MANUFACTURING COMPANY 


“Serving since 1892” 
P.0. Box 48, Coraopolis, Pennsylvania 


Makers of: Homestead Ball Valves, Cam-Seald, Lever-Seald and Lubricated Plug Valves, 
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NEW DOWPAC 
= MEDIA TREAT 
SEWAGE AND 
WASTE FAST IN 
LITTLE SPACE 


... DLS. offers low-cost 
pilot plant to prove systlen 


your waste conditions! 


Dowpac provides tremendous surface area in a small volume of 


space, it weighs little, and tower maintenance costs are negligible. 


Contoured plastic sheets of 
Dowpac™ packing media interlock 
above) to form a continuous, light- 
weight grid for low-cost treatment 
of water-borne wastes. Because of 
light weight and high operating 
efficiency, a waste treatment system 
using Dowpac requires much less 
than 


other waste systems, while operat- 


land area for construction 


ing at higher waste concentrations. 


Cost advantages — Economical first 
cost ... low maintenance and oper- 
ating costs... 
land, Operating advantages 


area for bacterial growth ... effi 


conserves expensis e 
large 


ient aeration freedom from 
plugging. Total advantages—a 
1).1.S. waste treatment system u sing 
Dowpac costs you less to install and 
operate and treats more waste faster, 
at higher concentrations, than other 
kinds of systems. 


Pilot plants employing Dowpac can 


DOW INDUSTRIAL SERVICE 


be rented or purchased, and D.L.S. 
engineers will help customers develop 
the most effective use of Dowpac 
for their particular waste condi- 
tions. Dow Industrial Service works 
with industries of every kind, any- 
where in the U.S. Further, D.LS. 
offers consulting laboratory service 
for water and waste treatment, 
backed by technical resources of THE 
DOW CHEMICAL COMPANY. For further 
information, write 
or call DOW INDUS- 
TRIAL SERVICE, 
Center 
Ridge Road, 
Cleveland 16, O., 
Dept. JWPCF12. 
FREE BOOKLET on low-cost 
high efficiency waste treatment 


using Dowpac. Send for a copy 
today 


for packing media— 
not pilot plant 
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PERFORMANCE-PROVED 


Trouble-free years of operation without replacement of major parts, 
with only routine maintenance, isn't just a claim—C. H. Wheeler 
pumps are 40 years’ performance-proved on the job. (Pumps 


HORIZONTAL NON-CLOG PUMPS. 
Sewage disposal plants prefer 
these units for unscreened liquids, 
sewage. Non-clog impeller, ball 
bearings, renewable shock ab- 
sorber. Sizes: 3”—24”. Capaci- 
ties: 40-5000 gpm. Heads to 160 ft. 


AXIALAND MIXED FLOW PUMPS, 
in horizontal and vertical designs, 
for flood control, primary water 
supply, industrial process work, 
drainage, etc. High-capacity, low- 
to-medium heads. Standard or 
pull-out construction. Sizes:8”— 
72”. Capacities: 5000-220,000 
gpm and over. 


having higher capacities than those illustrated are available.) 


VERTICAL NON-CLOG PUMPS 
in Open-Shaft and Sentry types 
for dry pit installations. Many 
engineering advancements bring 
higher pump efficiency, lower 
maintenance costs. Service, per- 
formance data and sizes same as 
Horizontal Non-Clog Pumps. 


NON-CLOG SUMP PUMPS for 
heavy-duty drainage, underpass 
service and sewage disposal. Idea! 
for industrial and municipal lift 
stations. These pumps have en- 
closed, non-clog impellers with 
wide waterways. Sizes: 3”—14”. 
Capacities: 20-4000 gpm at heads 
to 160 ft. 


THE C. H. WHEELER PUMP TESTING LABORATORY can 
test pump capacities of up to 150,000 gpm. Accurate scale 
models of water intake tunnel structures are built and tested in 
this laboratory. See your C. H. Wheeler representative or write 
direct to C. H. Wheeler for help with your problems. 


VOLUTE PUMPS OF MIXED 
FLOW OR NON-CLOG DESIGN 
are ideal for many pumping appli- 
cations including: screened sew- 
age, for drainage, irrigation, flood 
control and industrial water sup- 
ply. Horizontal and vertical de- 
signs available. Sizes: 12”—48”. 
Capacities: 3000-100,000 gpm. 


C. H. WHEELER 
MFG. CO. 


19th & Lehigh Avenue 
Philadelphia 32, Pa. 


Affiliates: 


The GRISCOM-RUSSELL CO. 
KLIPFEL VALVES, INC. 


Centrifugal, Axial and Mixed 
Flow Pumps + Ejectors - 
Steam Condensers - 

Marine Auxiliary Machinery - 
Nuclear Components 
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SEDIMENTATION 


TUBERCULATION 


KNOW-HOW PAYS! 


National knows how to work quickly reducing supplementary 
labor costs and service interruptions. 
National knows how to clean the difficult jobs, including 


hard incrustations, unusual obstructions and pipes of 
unusually large or small diameter. 


National knows how to clean long runs with a minimum 
number of pipe entries. 


National knows how to avoid trouble, such as can occur 
from improper provision for drainage of flush water 
from large mains or from the use of excessive pressures. 


National knows how to clean so thoroughly that restoration 
of 95% of the original pipe capacity is guaranteed. 


National Know-How comes from over 40 years of 
experience cleaning water mains. 


Write or call today for information and prices. 


Q_SATIONAL WATER MAIN CLEANING COMPANY 


50 Church Street - New York, N.Y. 
EASTERN SALES REPRESENTATIVE FOR PIPE LININGS, INC. 


333 Candler Building, Atlanta 3, Georgia; 920 Grayson St., Berkeley, Calif.; 115 Peterboro St., 
Boston 15, Mass.; 533 Hollis Road, Charlotte, N. C.; 8 S. Dearborn St., Rm. 808, Chicago 3, 
Ill.; P. O. Box 385, Decatur, Ga.; 2024 Merced Ave., El Monte, Calif.; 315 N. Crescent St., 
Flandreau, South Dakota; 3707 Madison Ave., Kansas City, Missouri; 200 Lumber Exchange 
Bldg., Minneapolis 1, Minn.; 510 Standard Oil Bidg., Omaha 2, Nebraska; 2910 W. Clay 
Street, Richmond 21, Va.; 502 West 3rd South, Salt Lake City 10, Utah; 204 Slayton St., 
Signal Mountain, Tenn., 424 S. Yale Avenue, Villa Park, Illinois; 7445 Chester Avenue, 
Montreal, Canada; 576 Wall Street, Winnipeg, Manitoba, Canada; Apartado de Correos 
No. 5, Bogota, Colombia; Apartado 561, Caracas, Venezuela; P. O. Box 531, Havana, Cuba; 
Marquinaria, Apartado 2184, San Juan 10, Puerto Rico; Bolivar 441-A, Marafi., Lima, Peru, 
Radhusgaten 30, Oslo, Norway 
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For 


DR Y—more uniform particle size, less dust 
or LIQUID —ciearer. lower insolubles, 


lower iron 


of Highest Quality 


Call 


GENERAL 
CHEMICAL 


General Chemical’s dry aluminum sulfate is 
distinguished by its uniformity of particle 

size and low dust content. Our liquid alum is 
low in color, insoluble matter and iron content. 


Quality is one good reason for using General Chemical 
alum. Better service is another. With 29 alum producing 
plants across the country, and a coast-to-coast network of 
distributing centers for dry alum, General Chemical 
provides prompt, dependable delivery. 


Call or write your nearest General Chemical office—learn how well this 
multi-plant system can cover your needs with highest quality alum. 


Basic to America’s Progress ; f GENERAL CHEMICAL DIVISION 


40 Rector Street, New York 6, N.Y. 
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KEY 
to 
37,000 JOURNAL Pages 
in 


Two Short Volumes 


TWENTY-YEAR INDEX to Sewage Works Journal, 1928- 
1948, Volumes 1-20, provides complete indexing for these 
important 20 years, with 144 pages in handsome buckram 
binding, $3.00. 


TEN-YEAR INDEX to Sewage and Industrial Wastes, 
1949-1958, Volumes 21-30, covers 10-year period of the 
successor to original Journal; 168 pages; in buckram bind- 
ing to match 20-Year Index, $4.00; in heavy paper, $3.00. 


Both indexes contain separate listings by author, sub- 
ject, and geographical categories, along with full cross- 
referencing. These features make them complete and 
easily used references. 


Send orders io the Federation office; convenient coupon provided 
on WPCF Publications page elsewhere in JOURNAL. 


WATER POLLUTION CONTROL FEDERATION 
4435 Wisconsin Avenue Washington 16, D.C. 
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This reinforced concrete sewer will be in service generations from now, because concrete 
surpasses all other materials. Most concrete sewers do not require protection, but when 
strong chemical effluents or oxidized H,S are a problem, only T-Lock AMER-PLATE pro- 
vides positive protection. T-Lock AMER-PLATE is a high molecular weight polyvinyl 
chloride sheet which is cast into the concrete during manufacture. 


T-Lock Amer-Plate meets all the requirements of the ideal sewer lining: 
T-Lock is extremely dense and impervious. Permanently protects concrete from chemical effluents 
and corrosion. 
T-Lock is permanently flexible. Tensile strength minimum is 2200 psi; elongation at break 
is a minimum 200%. 
It is mechanically bonded to the pipe. Pull tests result in the breakage of concrete before T-Lock fails. 
m® T-Lock withstands 40 psi back pressure, equal to a ground water head of 85 feet. 
m@ T-Lock has a smooth, highly abrasion resistant surface ... maintains its N factor of .010 indefinitely. 


There are no other materials — paints or troweled-on mastics, mortars, sacrificial aggre- 
gates or admixes — which meet these vital requirements. 

Where protection is required, only T-Lock will do the job. Compromise methods are 
a gamble which experienced sewer designers will not take; they know it is money wasted 
to specify linings which will fail within a few years. 

Because T-Lock AMER-PLATE is the only completely satisfactory material on the 
market today, millions of square feet are now in use in cities throughout the nation. 


For a complete list of users and specifiers, 
plus technical data, write: 


CORPORATION Dept. SY, 4809 Firestone Bivd., South Gate, California 


111 Colgate Ave. 2404 Dennis St. 6530 Supply Row 
Houston, Tex. 


921 Pitner Ave 360 Carnegie Ave. 
Evanston, Ill. Kenilworth, N.J. Buffalo, N.Y. Jacksonville, Fla. 
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MOP 9—SEWER DESIGN AND CONSTRUCTION 


“Design and Construction of Sanitary and Storm 
Sewers,” issued in 1960 in cooperation with the 
American Society of Civil Engineers, is MOP 9 in the 
Federation “Manuals of Practice” series. 


Detailed coverage of project planning, investiga- 
tions, hydraulics, design, construction materials and 
methods, specifications, structural requirements of 
storm and sanitary sewers, and pumping stations are 
included in this illustrated, 283-page manual. 


A 1961 reprinting is now off the press with correc- 
tions to several pages. For those with the 1960 
edition, a complimentary reprint of the corrected 
pages is available. This reprint can be cut apart 
and pasted over the pages to be corrected. 


An order form is included on the Publications 
page in the back of this issue. The list price is $7.00 
postpaid when remittance is with order. For Fed- 
eration members the price is $3.50. 


WATER POLLUTION CONTROL FEDERATION 
4435 Wisconsin Avenue Washington 16, D.C. 
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wie The INCREDIBLE Torque-Flow pump! 


the pump they 


couldnt clog 


2 


In a new treatment plant enlargement, engi- 
neers selected the Wemco Torque-Flow 
Pump because of sludge containing large 
amounts of sand, the cause of high main- 
tenance requirements of existing centrifugal 
pumps. A test installation under varying 
conditions showed capability to handle the 
abrasive material without wear, cloggage. 
This plant now employs eight Torque-Flows 
for sludge handling and six for digester 
recirculation. 


RAW SEWAGE LIFT 


To Gravity Sewer 


Two pairs of 4°x3" and 3°x3 217’ TOH 
WEMCO Torque-Flow Pumps, in series her 
1} | \| 
| 
\ | 
Wet Well | 
| °| 


Past, trouble-free experience with Torque- 
Flow Pumps, led a large southern city to 
select the Torque-Flow to lift raw sewage 
from a gravity wet-well to a gravity sewer at 
250 gallons per minute against a 217-foot total 
dynamic head. Results, since installation: no 
cloggage reported, despite lack of commi- 
nuters or bar screens; no maintenance prob- 
lems from two pairs of pumps installed 
in series. 


WET-WELL ELIMINATED 


To Force Main 
88’ TDH 


From 3100’ 
Drain Line 


Pressure switch and 
time delay relay 


. 


\ 


| | 
Torque-Flow —J 
Pump = 


In Southern California, sanitation engineers, 
faced with the problem of sewage overflows, 
designed a lift station, with a Wemco Torque- 
Flow Pump providing the function of a wet- 
well. The Pump, rated at 700 GPM at 80’ 
TDH, handles overflow in the line. Exclusive 
liquid impeller eliminating wear rings and 
face plates, makes possible no-wear, no-clog 
operation, without vapor locking, regardless 
of reduced or intermittent feeds. Maintenance 
virtually eliminated. 


Only Wemco's Torque-Flow Pump with continuous, open passage, liquid impeller could have done it! 


Write for more detailed information on Torque-Flow applications today. 


@® a division of 
Western Machinery Company 
650 Fifth Street, San Francisco 7, California 
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Consulting Engineers: Gannett Fleming Corddry & Carpenter, 
Harrisburg, Pa. 
Contractors: Rice & Weidman, Lancaster, Pa. 


DORR-OLIVER VACUUM FILTERS 


keynote efficient Harrisburg 
sewage treatment plant 


The recently completed sewage 
treatment plant at the state capitol 
Harrisburg, Pennsylvania, pro- 
vides efficient primary treatment 
for the area’s discharge to the Sus- 
quehanna River. 

With a design capacity of 26.8 
MGD, this up-to-date installation 
represents Pennsylvania’s first 
large sewage treatment plant on the 
Susquehanna in the state’s program 
of pollution abatement. 

Key components in the system 
are two Dorr-Oliver 8’ dia. by 12’ 


face stainless steel vacuum filters 
with rubber covered components 
which dewater raw or digested 
sludge. 

Dorr-Oliver also furnished two 
type WA Detritors® 30’ sq. by 4’6” 
deep, to remove grit from a peak 
flow of 72 MGD; and a Multdiges- 
tion® System comprising two 85’ 
dia. by 29’ side depth digesters. 

For more information on sewage 
treatment units write to Dorr- 
Oliver Incorporated, Stamford, 
Connecticut. 
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RESEARCH NEEDS 
POLLUTION 


IN GROUND-WATER 


J. E. McKee 


This paper is not a review of all 
research that has been performed or 
is currently being undertaken in re- 
lation to ground-water pollution. In- 
stead, it is an attempt to categorize 
the major areas of research that should 
be pursued in order to increase the 
knowledge of this relatively untouched 
field. Some of the research ideas listed 
here may have been tackled already, 
but more research along parallel or 
corollary lines is still needed. There 
is much to be learned about this sub- 
ject. 


Categories of Research Needs 

Insofar as scientific disciplines are 
involved, the research needs in ground- 
water pollution may be classified into 
the following major groups: (a) 
chemical, (b) physical, (c) biological, 
(d) geological, and (e) mathematical. 
There are, to be sure, many problems 
that involve more than one scientific 
discipline, or a combination of them, 
biochemistry, geochemistry, 
physical and radiochem- 
istry. Mathematical techniques may 
be used in each category. Geohydrol- 
ogy, a study of the occurrence and 


such as 


chemistry, 


behavior of water in the ground, em- 
braces all of these areas. 
Supplementing the problems re- 


lated to scientific disciplines are those 
that involve administrative considera- 


The paper the Public 
Health Service Symposium on Ground Water 
Contamination at Ohio, 


was presented at 


Apr. 7, 


Cincinnati, 

961. 

J. E. McKee is Professor of Engineering in 
Environmental Health, W. M. Keck Labora- 
Environmental Health Engineering, 
California Institute of Technology, Pasadena, 
Calif. 


tory of 


tions and judicial expression. Beyond 
any doubt there is need for a clearer 
understanding of the eontrol of 
ground water. Furthermore, engineers, 
scientists, waterworks officials, indus- 
trial representatives, and many others 
will welcome a definitive pattern of 
legal opinion relative to ground-water 
pollution. It is not within the purview 
of this paper, however, to describe the 
ground-water research needs in the 
fields of administration and law other 
than to recognize that they exist and 
that they are important. Instead, the 
following diseussion will be limited to 
the five scientific categories listed 
above, their combinations, and their 
subeategories. Finally, there will be 
a brief comment about the |greatest 
need of all in ground-water research 
today. 


Chemical Problems 


By far the most numerous and com- 
plex problems of ground-water pollu- 
tion are those involving chemical phe- 
nomena. 

There is a need to know more about 
the chemistry of various types of soil, 
for this medium is seldom inert. In- 
deed, the chemical content of water 
flowing through an aquifer is depend- 
ent to a large extent on the adsorptive, 
desorptive, and exchange capacity of 
the soil. Soil chemistry is an advanced 
science, but most of the effort to date 
has been in the realm of agriculture. 
Notable have been: the research and 
publications of the staff of the U. S. 
Department of Agriculture Salinity 
Laboratory at Riverside, California. 
Geohydrologists need to ‘‘bone up’’ on 
the work of the soil chemists and use 
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the knowledge of this discipline to 
predict the effects of soil on the quality 
of water passing through it. Most of 
the work to date has been coneerned 
with soil chemistry and water quality 
in the plant root zone, but many of 
the principles can be transposed to 
deeper percolating waters and confined 
aquifers. 

Geologists classify soil in terms of 
its mineral analysis: e.g., percentage 
of mica, silica, dolomite, clay, ete. It 
would be useful if these mineral analy- 
ses could be transposed readily into 
chemical data from which the reactive 
characteristics of the soil could be 
utilized quantitatively. 

Corollary to the area of soil chem- 
istry is the need for improved and 
standardized methods for analyzing 
the adsorptive, desorptive, ion-ex- 
change capacities, and redox poten- 
tials of various soils and the kineties 
associated therewith. A field kit utiliz- 
ing a little black box would be ideal 
for such analyses, but until it is avail- 
able these phenomena can only be 
measured approximately by in situ ob- 
servations with field wells. or by per- 
colation through soil columns in the 
laboratory. 

To be more specific, there is a need 
to know the rates of adsorption, de- 
sorption, and ion-exchange for each 
chemical substance and combination of 
chemicals in aqueous solution passing 
through specific types of soil. To what 
extent, for example, will iron and/or 
manganese be leached from a certain 
aquifer by distilled water or by waters 
of various mineral composition? What 
will be the effect of dissolved oxygen, 
carbon dioxide, methane, hydrogen sul 
fide, and other eases? What is the 
relation of the ORP to these reactions ? 

Can the extent be predicted to which 
calcium and/or magnesium will be 
exchanged With sodium and/or potas 
sium as water of a known chemical 
composition Passes through an aquifer 
of known permeability and mineral 
analysis, but unknown chemical prop- 
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erties? Kaufman (1) presented some 
data on ion-exchange softening in the 
South Coastal Basin at Los Angeles. 
More of this type of data is needed. 
What will happen to hexavalent 
chromates, borates, fluorides, phos- 
phates, cesium, strontium, and other 
mineral ions relation to vyari- 
ous soils? Which ions are likely to 
be permanently adsorbed and which 
are likely to be eluted by a subsequent 
flow? Indeed, the entire subject of 
chromatographic effects in ground-wa- 
ter behavior is a relatively unexplored 
field. Without a doubt many soils act 


as a chromatographic column with re- 
spect to the substances in certain wa- 
ters, but very little is known about 
this phenomenon. 


Nitrogen and Sulfur Compounds 


Two groups of mineral ions con- 
spicuous by their omission from the 
foregoing paragraph are the inorganic 
nitrogen compounds; namely  am- 
monia, nitrites, nitrates, and nitrogen 
gas, and the sulfur compounds; spe- 
cifically sulfates, elemental sulfur, and 
sulfides. They deserve special consid- 
eration for they are subject readily to 
oxidation or reduction. What hap- 
pens to nitrates that leach downward 
from heavily fertilized agricultural 
land or from cesspools? Under aerobie 
conditions, especially in the percolat- 
ing waters of the zone of aeration, 
they may be expected to remain as ni- 
trates; but in the absence of dissolved 
oxygen and in a reducing atmosphere, 
will they change to nitrites and per- 
haps even to nitrogen gas? Baars 
2) presented data from The Nether- 
lands showing that nitrates were de- 
creased in concentration after the dis- 
solved oxygen was diminished. What 
happened to the nitrogen ions? Will 
these nitrogen reactions oecur in the 
absence of specific organisms and if 


not are the necessary organisms likely 


to be present in deep aquifers ? 
Similarly, under what conditions in 
the soil will sulfates be reduced to 
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sulfur or to sulfides? In what types 
of waters are the microorganisms com- 
monly associated with such reactions 
likely Can the 


absence of 


to he present? reae- 
the organ- 
can they be strietly chemical 


biochemical ? 


tions occur in 
isms; Le, 
and not 

These questions about nitrogen and 
sulfur compounds are especially rele- 
vant to the percolation and recharge 
of ground waters by organic industrial 
wastes and sewage. Such waters are 
not likely to be sterile, although the 
travel of microorganisms may be lim- 
ited to a short distance. 


Biochemical Degradation 


Chemical reactions brought about by 
biological have long been 
to quantitative evaluation in 
waters. In the ground, how- 
ever, they are much more difficult to 
assess and as a result, relatively little 
is known about mecha- 


processes 
subject 


surface 


reaction rates, 


nisms, pathways, intermediate steps, 


and end products. 
Ground differs from surface 
water, insofar as biochemical degrada- 


water 


tion is concerned, in several important 
ways. First, the ratio of surface area 
of the soil to the quantity of flow is 
tremendous in This 
the 
for 
acceler- 


eround 
will 
biochemical 


water, 

influence 
phenomena, 
reactions 


area-volume ratio 
rate of 
many of these are 
ated by the presence of large surface 
areas. Second, detention periods are 
long, so that even the slower reactions 
Third, 
rround waters are often anaerobie and 
frequently under high pressure. 


Fourth, higher organisms are readily 


may go far toward completion. 


removed by filtration through soil and 
consequently action may 
be limited to the lower forms or per- 
Little, 
if anything is known about the role 
and travel of enzymes in ground water. 


biochemical 


haps even to enzyme effects. 


There is a need for quantitative evalu- 


ation of all of these factors, and per- 


haps others, in relation to various or- 
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ganic compounds and to specific types 
of soils. 

A most urgent problem in relation 
to biochemical degradation involves the 
persistence of alkyl benzene sulfonates 
(ABS) and other components of syn- 
thetic detergents. As is well known, 
ABS has been observed to travel 
through soil for appreciable distances ; 
yet 50 to 90 per cent of it can be re- 
moved in the activated sludge process. 
Furthermore, its half-life in surface 
streams has been estimated at 16 days, 
and along the Illinois River, the total 
ABS in the flowing’ water was dimin- 
ished by 37 per cent in & days of 
travel (3). With the slow velocity 
through ground water, ABS should be 
stabilized in short distances if experi- 
ence from surface streams can be trans- 
posed to underground aquifers. But 
ean it? 

Is the observed persistence of ABS 
in ground water related to the fact that 
bacteria are filtered out in the first few 
feet of flow? What is the effect of 
anaerobic or reducing conditions on 
the stability of ABS? Can a soil be 
‘‘acelimatized’’ to hasten 
the degradation of ABS or any other 
organic compound? To what extent 
will ABS be adsorbed and desorbed 
from various types of soils? Can 
chemical substances be added to alter 

reactions? These are all ques- 
tions that deserve detailed investiga- 
tion. 


**seeded’” or 


these 


Two-Phase Systems 


Thus far, this paper has been lim- 
ited for the part to dissolved 
substances in water. There are many 
problems, however, that involve the 
atmosphere in the interstices of soil 
above the ground-water table or phre- 
atie line. In accordance with the gas 
laws, this atmosphere is in dynamic 
equilibrium with the dissolved gases 
and certain ions in the underlying wa- 
ter, especially if the water table fluetu- 
ates in elevation or if it is being fed 


most 
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from water percolating through the 
overlying soil atmosphere 

The problem is brought into sharp 
focus by the decomposition and _ sta- 
bilization of sanitary land fills, as de 
seribed to you by Weaver (4). If this 
organic material is below the ground- 
water table, or if it is leached by 
heavy rainfall or irrigation, organic 
and inorganic substances will enter the 
ground water. Many sanitary landfills 
in the arid Southwest, however, are 
supposedly “‘high and dry,’’ perhaps 
20 to 100 ft above the water table and 
seldom subject to leaching by rainfall 
or irrigation. How can such fills pos- 
sibly affect ground-water quality? 

First of all, they undergo biochemi- 
eal stabilization, although it may be 
very slow. Much knowledge is needed 
about the rates of stabilization and 
how they are affected by moisture, 
temperature, composition of waste, 
mixing with soil, and other factors. 
In any event, gases of anaerobie de- 
composition, such as methane, carbon 
dioxide, and hydrogen sulfide, are pro- 
duced. These gases diffuse through 
the soil and are subject to the laws of 
fluid dynamics. Permeating the 
atmosphere of soil interstices, they 
eventually come in contact with the 
phreatic line or at least its capillary 
fringe. There, they go into solution 
in the ground water, to strive for the 
equilibria of Henry’s Law. Although 
these general mechanisms can be postu- 
lated, little quantitative information 
is available on the actual occurrence 
and movement of gases through soil 
and their relation to the quality of 
water in the upper fringe of the 
ground-water table. Furthermore, ad- 
ditional data are needed on the rates 
of diffusion of these dissolved gases 
downward, laterally, and longitudi- 
nally through ground water. 

Another group of problems in- 
volving the gas phase relate to 
the low-molecular-weight hydrocarb- 
ons, whether of natural origin or re- 
sulting from underground storage. 
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Many fresh ground waters, especially 
from oil-producing areas or from 
regions where peaty deposits abound, 
have been observed to contain dis- 
solved methane. Other hydrocarbons 
have reached ground waters by man- 
made pollution or by escape from stor- 
age. 

The foregoing discussion of chemi- 
eal effects in relation to ground-water 
pollution is far from exhaustive, but 
perhaps it will serve to indicate the 
magnitude and complexity of the prob- 
lems. The list of research needs could 
be enlarged many times by including 
the problems related to specific indus- 
tries such as metal-finishing, rewenera- 
tion of ion-exchange resins, oil-field 
brine disposal, petroleum  produets, 
food processing, and many others. Per- 
haps it is well at this time, however, 
to consider another major scientific 


category. 


Physical and Mathematical Problems 


The physical and mathematical as- 
pects of geohydrology are related pri- 
marily to fluid mechanics and es- 
pecially to hydrodynamies. These sub- 
jects have been investigated more 
thoroughly in ground water than have 
the chemical aspects. Fortunately, 
they can be adapted to mathematical 
analysis, within certain boundary con- 
ditions and assumptions. Yet, there 
are many areas of physical and mathe- 
matical research in ground water that 
need further exploration. 

Thanks to Darey, Boussinesq, Du- 
puit, Forchheimer, Thiem, Kozeny, 
Bakhameteff, Casagrande, Muskat, and 
many others, the classical hydrody- 
namie and mathematical aspects of 
ground-water flow have been well de- 
veloped. The work to date, however, 
has dealt largely with an inert liquid, 
a homogeneous soil, and steady-state 
conditions. There are still many gaps 
in the knowledge of hydrodynamics in 
soil. 

More needs to be known about the 
dispersion of a pollutant as water 
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travels through various types of 
aquifers. What is the extent and rate 
of vertical and lateral diffusion under 
various conditions of permeability and 
soil characteristics? What are the 
yardsticks of diffusivity in soil and 
what are their approximate magni- 
tudes? How can the parameters of 
longitudinal mixing of unsteady con- 
centrations of waste be evaluated? 
What will be the effects and mixing 
of fluids of different densities? Soils 
are seldom homogeneous and indeed 
they are frequently interspersed with 
laminar lenses. How does such non- 
homogeneity influence the classical 
analyses and how does it alter the 
parameters of vertical, lateral, and 
longitudinal diffusion ? 

It is recognized that much research 
along lines has already been 
performed by the oil industry in con- 
nection with its water-flooding opera- 
tions and by ground-water hydrologists 
concerned with salt-water intrusion. 
There are still many aspects, however, 
that deserve more detailed study, es- 
pecially with respect to recharging op- 
perations by means of spreading basins 
or pressurized wells. 

Much of the work in analyzing flow 
through porous media involves ecompli- 
eated differential equations, conformal 
mapping, complex variables, and other 
mathematical procedures. It would 
seem appropriate, therefore, to utilize 
computer technology to a large extent 
in such work. The feasibility of auto- 
matic numerical analysis in many prob- 
lems of ground-water hydraulics is be- 
ing investigated, but such research is 
still in its infancy. 


these 


Radioactivity 


Three major areas of ground-water 
research involve radioactivity. First, 
answers are needed about the travel 
of radioactive substances through soil; 
their adsorption, desorption, and ion- 
exchange; their diffusion and disper- 
sion; and their effects on the other 


substances in soil and water. 
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Second, there is a need to explore 
further the use of radioactive sub- 
stances as tracers to assist in geo- 


hydrological investigations. Which 
substances can be employed with 
minimum adsorption or chemical 


change, and with minimum hazard to 
the subsequent users of the ground wa- 
ter? Can a caleulated risk be taken 
in the use of radionuclides in ground- 
water that may be consumed by hu- 
mans. 

Third, can deep aquifers be used 
for the disposal of radioactive material 
of long half-life without danger to wa- 
ter supplies? What are the possibilities 
of cross-contamination among aquifers 
at various depths, especially if they 
are perforated by abandoned or poorly 
constructed wells? 


Infiltration and the Mechanics of Clog- 
ging 


To those interested in wastewater 
reclamation by the recharging of 
ground-water basins and aquifers, the 
problems at the interface between free 
water and the soil are paramount. 
Knowledge is needed about the mechan- 
ies of clogging, whether it be by physi- 
cal means, chemical action, or biologi- 
eal growth. To what extent must 
wastewater be purified before it ean be 
recharged through spreading basins, 
and to what extent for pressurized 
wells? What are the best parameters 
for measuring clogging potentials? 
When the interface has been clogged, 
what are the best methods for restoring 
infiltration capacity? What chemicals 
can be added to prolong the periods 
between redevelopment or backwash- 
ing of wells? Will the use of certain 
crops in spreading basins increase in- 
filtration capacity or will concomitant 
problems such as mosquito breeding 
and transpiration losses rule out such 
practices? What is the role of sprinkler 
irrigation in ground-water recharge? 
Does it have advantages over spread- 
ing basins operated intermittently ? 

Soil physicists, like soil chemists, 
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have developed their specialty to an 
advanced 
drologists and engineers should draw 


stage. Ground-water hy- 
and litera 
Special at- 
be viven to 


heavily on the experience 
ture of 
tention methods 
by which permeability of soil may be 


this diseipline. 
needs to 


instanees how 
W hat 
agents can be used to change 
bility, 
beneficial uses of the water? 


inereased, or in certain 


it may be decreased. chemical 
permea- 
without harm to subsequent 
If these 
changes in permeability are produced 
by wetting agents or surfactants, what 
will be the effect on other 


chemical substances and biological or- 


travel of 
ganisms? How ean certain aquifers 
best be sealed to prevent the travel of 


pollution? One example of this prob- 
lem is salt-water intrusion alone coastal 
regions. In other instances, portions of 
polluted aquifers might be sealed off 
to prevent the further 
on unpolluted 


can this be accomplished 


encroachment 
portions. Ilow best 
There are many more physical and 
related to 
however, at 


mathematica! 
ground-water 


problems 
pollution ; 
this time another major scientifie cate- 
will be 


rory considered. 


Biological Problems 


of the 
biological 


Mallmann (5) gives a review 
state of 


contamination of ground water and in- 


knowledge about 


deed he points out many areas where 


information is sparse or totally lack- 
Empirical data 
tained in situations for the 
travel of 
various 


ing. have been ob- 
many 
through soils of 
but 
no experimental results on the migra- 
There 


viruses 


bacteria 


characteristics there are 
tion of viruses in ground water. 


is qualitative proof that ean 
travel great distances through aquifers 
and several outbreaks of hepatitis have 
been traced to ground water. No virus 


epidemics other than hepatitis have 

been so traced 
It would 

much 


and 


that 
viruses 


appear, therefore, 
needed on 


bacteriophages. Do non-patho- 


research is 
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venice forms occur in natural ground 
waters unaffected by human contami- 
nation? How 
in ground water related to the physical 
and chemical characteristics of the 
Will they survive in the ab- 
sence of bacteria or are the two forms 


is the travel of viruses 


soil ? 


In a given soil, will vi- 
ruses and phages travel farther and/or 
than bacteria? What the 
effects of syndets and other chemical 


synergistic ? 
faster are 


survival, 
and travel of viruses in ground water? 


pollutants on the presence, 
ean the 
through 
minimized ? 


How viruses 


prevented or 


transmission of 
aquifers be 


Related to the presence and behavior 
of bacteria and viruses in ground wa- 
ter are the biochemical problems de- 
action. If bae- 

water are ad- 
sorbed in the first 100 ft or so of travel 
through an 


pendent on enzyme 


teria in contaminated 
aquifer, do the exo-en- 


from these organisms 
freely with the 
their 


degradation far 


zymes move 
percolating water and 
biochemical 
beyond the limit of 
bacterial penetration? If so, 


exert influence in 
can re- 
charge wells or spreading basins be 
inoculated with beneficial bacteria that 
will aid in the degradation of specific 
organic substances during ground-wa- 

travel? Can extraets of enzymes 
directly ? It 
whole field of enzyme chem- 


used would 
that the 


istry in 


appear 


relation to the organic pol- 
lution of ground water is virgin terri- 


tory for research. 


Geology 


It would not be prudent to termi- 


nate this discussion of research needs 


without mentioning the geological 


Indeed, 


long been considered the realm of the 


problems. eround water has 


hydrologist or geohydrologist. It was 
not until pollution and contamination 
that 


chemists, biologists, and sanitary en 


of ground water became serious 
vineers took proper notice of this im- 
portant phase of water resources. 


Before any field studies of ground- 
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water pollution can be made, a thor- 


ough geological investigation is neees- 
sary. The thickness, extent, degree of 


homogeneity, mineral character, per- 
meability, and 
each aquifer should be known. 
data 
obtain. 


other parameters of 
Such 
and expensive to 
Methods are needed to facili- 
tate the gathering and processing of 
geological information. Perhaps geo- 
physical techniques can be perfected 
to yield much of this information with- 
out penetration of 
confining 


are tedious 


the aquifers and 
strata by numerous test 
might later inter- 
pollution of aquifers. As mentioned 
earlier, 


wells which cause 
there is a need for conversion 
of mineral analyses to chemical char- 
that 
dicting the 
water. 


acteristics can be used for pre- 


interaction of soil and 


Need for Trained Research Personnel 


In the list of scientific categories 
earlier in this presentation, it was 
noted that the paper will conelude 
with a brief comment about the great- 
est need for all in ground-water re- 
summary, there is 
a need for trained scientists and engi- 
neers who understand the fundamental 
concepts of ground water and want to 
perform research in this field. 

It is 
potential 


search today. In 


easy to scores of 
problems, as_ this 
It is not too difficult 


to outline the methodology for aecom- 


enumerate 
research 
paper has done. 
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plishing many of these projects. It is 
probable that financial support for re- 
search projects in ground-water pollu- 
tion can be obtained readily from one 
or more Physical facilities 
for conducting such projects are avail- 
able at many universities and private 
institutes. The real bottleneck lies in 
personnel properly trained and_ in- 
spired to do the work. 

There is a 


sources. 


great need for pub- 
licity to emphasize the importance of 
ground water in the national economy 
and the opportunities for stimulating 
careers in this field. 
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STABILIZATION POND STUDIES 
IN WISCONSIN 


Kenneth M. Mackenthun 


The impoundment of raw sewage or 
the effluent of sewage treatment plants 
as a means of stabilizing the organic 
wastes therein has become 
increasingly popular in the United 
States since 1920. The concept is by 
no means new, since this type of fa- 


contained 


cility has been used for cen- 
turies Asia (] In Europe fish 
eulturists have the 


value of conserving this rich source of 


many 
in 
long recognized 
mineral nutrients, and it is now a wide- 
spread practice to dispose of munici- 
9) 


pal sewage to fish culture ponds (2) 
thus enriching the water and increas- 
ing the eventual yield of marketable 
protein. 

The first prolonged attempts to treat 
in the 
out by 
where 
most 


sewage in oxidation ponds 
United States 
Caldwell (3 

sunlight 
favorable maintaining suitable 
esthetic conditions. The City of San 
Antonio, Texas, is reported to have 
utilized the principle as early as 1901. 
In California, the satisfactory opera- 
tion of a sewage pond was first ob- 
served by Gillespie (4) at Santa Rosa 
in 1924. Aware of the success of this 
type of facility in the southwest, the 
community of Fessenden, North Da- 
kota, raw 
into a diked slough in 1928 (5). Ob- 
servation of the Fessenden pond indi- 
eated that satisfactory operation could 
be obtained in the northern parts of the 
United States regardless of severe win- 
ter conditions such as those character- 


were carried 
the 


temperature 


in southwest 


and were 


for 


began to discharge sewage 
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State 
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of the Dakotas. Sinee then, 
stabilization ponds for the treatment 
of raw or partially pre-treated sewage 
have become very popular among the 


istie 


smaller municipalities and have sprung 
up in many parts of the country, es- 
pecially in the southwest, the north- 
ern plain and recently 
the midwest. 

During 1955, in- 
terested in sewage stabilization ponds 


states, more 
in 
Wisconsin beerme 
and an initial group of four such units 
were constructed and placed in service 
during the latter part of 1956. Table 
I presents the of three 
of units monthly 
samples were collected at designated 
(Figure 1), commencing in 
May 1957, and continuing until Oc- 
tober 1958. In October 1958, milk 
wastes added to the Junetion 
City unit, and the unit became loaded 
far in excess of design data. The proc- 


data 
which 


design 
these from 


stations 
were 


essing plant has a whole milk intake 
which slightly 31 mil lb in 
1959. The average monthly intake for 
the four peak (April, May, 
June, and July) is slightly more than 
314 mil lb, and the average monthly 
intake for the remaining months 
about 214 mil lb. May was the peak 
production month with a whole milk 
intake of 3.7 mil lb. Because of the 
increased loading, the Junction City 
unit was again studied on a monthly 
basis for the calendar year of 1959. 
Local climatological conditions in- 
fluence to a great extent the function 
of a stabilization unit. The weather 
during the period of study was gen- 
erally cloudy, cold, and wet in the 
northwest section, and quite dry in 
the central section of the state. The 
degree of possible sunshine was below 


exceeded 


months 


is 


1234 


; 
4 
4 
5 
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TABLE I.—Design Data 
Jet. | Jet. | Jet. City | , 
Stabilization Ponds City City | asa Unit New Auburn | Spooner* 
I Il (I & | | 
Area (acres) 1.75 | 0.83 2.58 2.7 22.0 
Area (sq ft * 10°) 0.76 0.36 1.12 118 | 9.58 
Avg depth (ft) 3.5 3.5 3.5 5.0 | 5.0 
Capacity (mil gal) 2.0 0.95 2.95 4.5 | 36.0 
Detention period (days) 5.0 26.0 81.0 160.0 125.0 
Flow (gpd) - “= 36,000 28,000 | 288,000 
BOD (lb/day) — — 60 75 725 
Population (1950) - 330 371 2,597 
Pretreatment - - None Sedimentation | Sedimentation 
Receiving stream Marsh Marsh Yellow River 
Date placed in service — 10/56 10/56 6/56 


* Pond also receives milk wastes from a cre 


normal for the entire period of study, 
with the exception of February and 
May 1958, during which months it was 
some 20 per cent above the long-term 
mean. The annual average tempera- 
ture in the northwest section of Wis- 
is about 42°F. Temperatures 
averaged below normal for the period 
of study, creating a deficit of 6 to 
10°F in the northwest area and 18°F 


consin 


2 
% 
3 4 
SPOONER 
ZL 7 
2 
6 5 10 
JUNCTION CITY 


samery. 


in central Wisconsin. The normal pre- 
cipitation for the northwest section of 
the state averages about 28 in. per year 
compared to about 32 in. per year 
in central Wisconsin. During the pe- 
riod of study, there was a 5-in. pre- 
cipitation surplus in the northwest 
part, and a deficit of approximately 
11 in. in the central portion. In gen- 
eral, the ponds were ice-covered from 
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FIGURE 1.—Vicinity map; numbers indicate sampling stations. 
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the latter part of November until the 
early part of April with the ice reach- 


ing its greatest depth of around 18 
March. 


to three inches of snow commonly was 


in. in February or early Two 


present on the ice during this period. 


Methods of Study 


A measure of pond performance was 
gained through regular 
intervals during 24-hr periods of nor- 
covered the 


sampling at 
mal operation when ice 
pond and again in the spring or sum- 
mer when the pond was open. Sam- 
from 
Figure 1 
each month throughout the period of 
taken 
from the upper stratum of water at a 
depth of six inches. At Junction City 
and New Auburn, the sampling sta- 
tions were located 10 ft offshore. The 
dikes of these ponds were sloped so 
that the average depth was attained 
well within this distance. At Spooner, 
the monthly sampling was done from 
a boat during the season of open wa- 
ter. stations 
were made and 10 Am 
at Spooner, between 11 aw and 2 Pp» at 
Junetion City, and in the 
from 3 PM to 6 pm at New Auburn. 
Monthly oxygen samples 
were taken at the collect- 
ing stations using a device similar to 
that reported by Welch (6 The 
Alsterberg (azide) modification of the 
Winkler method was used for DO de- 
termination. 
oxygen demand samples 
coneurrently. The 
was measured and pH was determined 
using an electrometric field unit. <A 
DO, BOD, tempera- 
ture, and pH has been expressed using 


ples were collected pernianent 


sampling stations onee 


observation. Collections were 


Collections from these 


between 8 AM 
interval 


dissolved 
permanent 


biochemical 
taken 
temperature 


Kive-day 
were 


water 


pond mean for 


the results of the determinations from 
the individual 
Measurement of the and 
phosphorus components of the pond 
water, and of total and 
solids, was made at monthly intervals 
from a sample of water obtained by 


sampling stations. 


nitrogen 


suspended 
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compositing 400 ml from each of the 
the chemi- 
cal analyses were completed according 
to the 


sampling stations. All of 


preseribed in 
Methods’? (7 


procedures 


Bacteriological Determinations 


Bacteriological determinations of the 
most probable number of coliform or- 
ganisms per 100 ml made on 
samples ecolleeted monthly the 
influent, the effluent overflow, and in 
the ponds at selected permanent sta- 
inlet. 


The several pond samples were of sur- 


were 
from 


tions more than 50 ft from the 


face water and were used to express 
If a pond was not dis- 
effluent MPN 
equivalent to the aver- 
The 
procedures deseribed by 
‘*Standard Methods’’ were used in this 


study. 


a pond mean. 


charging, the was con- 
sidered to be 
age of the pond samples. bac- 


teriological 


Light Transmission 


A light and dark bottle experiment 
conducted in the pond at 
August 26, 1958 to 
measure the rate of photosynthesis at 


was first 


Junction City on 


different depths in the water column. 
two-liter 
using equal volumes of water drawn 


sample Was composited 


from three different depths at each of 
four stations. This sample when thor- 


oughly mixed considered to be 


representative of 


Was 


average pond con- 


ditions. Sub-samples were siphoned 
into 60-ml DO bottles, and these were 
handled according to the conventional 
light-dark bottle first de- 
seribed by Gaarder and Gran (8 


technique 


The depth of penetration of a suffi- 
incident light to 
photosynthetic oxygen 


cient quantity of 
maintain pro- 
duction is important to the structural 
design of sewage stabilization ponds. 
A Whitney light meter 
light relationships in 

light cell 
to wave lengths of light in the visible 
The instrument 
structed so that 


used to 
this 
sensitive 


Was 
ascertain 
study. Its was 


range. Was con- 
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(mg/!)} 


CONCENTRATION 


tained beneath the surface of the wa- 
ter were directly related to a read- 
ing of the incident light intensity. 
The percentage of incident light trans- 
mitted through snow and ice was meas- 
ured in Mareh 1958. To obtain these 
readings, the light cell was held 
firmly against the lower surface of the 
ice. The rate of light absorption in 
the water was studied under econdi- 
tions of ice cover and at several times 
during the open water season. Meas- 
urements were taken at three or more 
stations well out in the ponds, and 
these results were used to obtain a 
pond mean. Similar data were col- 
lected on two Wisconsin lakes for the 
purpose of comparison. 


Chemical Conditions 


Conditions encountered in stabiliza- 
tion ponds are directly related to the 
pond loading. This study gave an ex- 
cellent opportunity to observe the ef- 
fects on the stabilization mechanism of 
a gradation in pond loading ranging 


FIGURE 2.—Monthly composite BOD concentrations, May 1957 to July 1958. 


from a low of 8 lb of BOD/day/100,000 
sq ft, to a high of 703 lb of BOD/day/ 
100,000 sq ft as caleulated for the 
first unit at Junction City (Table II). 


BOD Values 


The month-to-month fluctuation in 
BOD within a stabilization pond fol- 
lows the same general trend regard- 
less of the loading (Figures 2 and 38). 
In general, the values are low during 
the summer, increase during the fall 
and early winter, and reach a peak 
during March after which they rap- 
idly drop following the disappearance 
of ice cover. In loadings of 10 to 20 
Ib of BOD/day/100,000 sq ft, mini- 
mum summer BOD values range from 
10 to 15 mg/1 in the stabilization pond, 
and maximum winter BOD values 
range upward to about 45 mg/l. As 
the loading is increased to 30 and 40 
lb of BOD/day/100,000 sq ft, the 
minimum summertime BOD readings 
are in the vicinity of 20 mg/1] and 
the maximum March reading is 100 


120 BOD 
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60 

\ 

\ 
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mg/l. Increasing the BOD loading to 
55 lb/day/100,000 sq ft likewise in- 
creases the maximum March reading 
to 120 mg/l. As shown in the 1959 
Junetion City studies, a BOD loading 
ranging from 150 to 700 Ilb/day/ 
100,000 sq ft produces a BOD in the 
stabilization pond of 280 mg/l in 
March. It is felt that the optimum 
loading at this latitude is near 50 lb 
of BOD/day,/100,000 sq ft of pond 


surface. 


Nitrogen Concentrations 


The general trend of the nitrogen 
curve is very similar to the BOD curve 
(Figures 4 and 5). The highest con- 
centration within the stabilization pond 
is again reached in March. Generally 
speaking, organic nitrogen forms the 
bulk of the total nitrogen present in 
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the stabilization pond with the excep- 
tion of the high wintertime concentra- 
tions. During the period of ice cover, 
the ammonia nitrogen increases until 
it makes up nearly 80 per cent of the 
total nitrogen. The exception to this 
occurred at Junction City during July 
and August 1959, at which time the 
organie nitrogen showed a 100 per 
cent increase over previous concentra- 
tions. Highest nitrogen concentrations 
occurred at Junction City during 
March 1959, when Pond I contained 
34 mg/l ammonia nitrogen and 11 
mg/l organic nitrogen. 


Phosphorus Concentrations 


Monthly soluble phosphorus concen- 
trations in the stabilization ponds were 
more erratic than were the nitrogen 
and BOD concentrations (Figures 6 
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FIGURE 3.—Monthly composite BOD concentrations for Junction City 


ponds, 1959. 
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FIGURE 4.—Monthly composite total nitrogen concentrations, May 1957 
July 1958. 
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FIGURE 5.—Monthly composite total nitrogen concentrations for Junction City 
ponds, 1959. 
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FIGURE 6.—Monthly composite soluble phosphorus concentrations, May 1957 
to July 1958. 
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FIGURE 7.—-Monthly composite soluble phosphorus concentrations for Junction 
City ponds, 1959. 
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TABLE III. 


Mean Concentrations of Dissolved Oxygen 


December 1961 


mg/l) and Per Cent 


Saturation in Surface Samples 


Month 


1957 May 
| June 
July 
Aug. 
Sept. 

Oct 
Nov. 

Dee 
1958 Jan 
| Feb 

| Mar 
Apr. 

May 
June 

July 


* Hydrogen sulfide odors present. 

and 7). The peak concentration oc- 
curred during the winter period, and 
the minimum concentration 
erally achieved in late fall. 
ing on the initial loading, 


Was gen- 

Depend- 
the soluble 
phosphorus varied from a high of near 
30 mg/l to a low of < .01 mg/1. 


Hydrogen Sulfide 


Odors of hydrogen sulfide gas were 
associated with periods of prolonged 
anaerobic (Table III). 
These odors were observed to develop 
beneath the ice in winter and eontinue 
into early spring. It seems probable 
that hydrogen sulfide in sensible con- 
centration only with 
prolonged periods of anaerobiosis since 


conditions 


was associated 
low dissolved oxygen values observed 
in the morning samples at Spooner in 
July 1957, and again in May 1958, 
presumably caused by near DO de- 
pletion at night, did not result in 
perceptible odors on those dates. The 
coincidence of odors and a relatively 
high dissolved oxygen level in the first 
pond at Junction City in March 1958, 
was due to oxygen depletion in the 
lower portion of the pond. It appears 
that the lower stratum of Pond II at 


Junction City similarly gave rise to 
hydrogen sulfide during the winter. 
Under BOD loadings up to 20 1b/ 
day 100,000 sq ft, no odors were de- 
tected in the vicinity of the pond dur- 
With an 
loading from 25 to 40 lb, 
detected for a period of 
approximately two weeks in the vicin- 


ing the open water period. 
increase in 


odors were 


ity of the pond following ice break up. 


duration 
were 


weeks in 
during the early spring 
ated with BOD loadings of 50 to 60 
lb/day/100,000 sq ft. Following the 
introduction of the heavy BOD load- 
ing into the Junction City installation, 
odors were detected at all times with 
the exception of the sampling period 
in the month of October. 

The pH, during the studies at June- 
tion City, ranged from 7.0 to 7.5 in 
the mid-winter 


Odors up to four 


assocl- 


period to a maximum 
of 10 to 11 during the summer months. 
Following the introduction of milk 
processing wastewater, the pH never 
exceeded 8.0 in the first pond at June- 
tion City, and minimum readings were 
6.6 and 6.9. At New Auburn, the 
minimum winter readings ranged 
from 6.9 to 7.1 to a maximum of 9.0 
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Br ; Jet. City I Jet. City I New Ault n Spooner : 
DO Sat DO Sat DO Sat DO Sat. 
mg mg/l mg/l) (%) 
9.5 a0) 11.3 110 1.4* 13 0.4* 3 
| 14.4 171 12.4 147 0.2% 2 8.5 
: Li 133 5.5 66 1.6 SS O38 | 3 
1.4 0 
| 5.5 64 10.8 127 8.2 100 | 8.3 98 
| 10.0 98 12.0 117 3.1 20 
15.1 143 0.8 92 | 565.7 52 6.0 55 
18.8 24.4 | 23 13.5 
> 
Ree 13.3 20.5 0.4* 1.4* 
2.3* 7.4* 0.2* | 0.5* | 
0.1" 2.8* 0.4* 
13.87 0.0* 0.0* 
24.2 245 18.8 185 85 2.5* 21 
21.7 225 15.4 153 15.3 166 0.9 
pe 24.6 270 10.3 113 13.1 147 27.0 297 . 
“ae 19,2 225 8.6 LOO 19.5 232 19.2 229 
+ 
of 
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during the summer months. The 
| Spooner installation showed less vari- 


ation in pH, with a range from 7.7 to 
9.3. Maximum temperatures were, of 
course, reached during the late sum- 
mer period and were in the neighbor- 
hood of 25.0 to 27.5°C for all of the 
stabilization ponds. 


Coliform Reduction 


Reductions in coliform organisms 
were greater than 98 per cent, more 
than 87 per cent of the time. There 
is a greater reduction in summer than 
during the more winter con- 
ditions. Prior to the introduction of 
milk wastewater, the effluent of the 
Junction City unit (monthly grab 
samples) ranged from a minimum 
MPN of 4 in June to a maximum of 
49,000 in February. Following the 
introduction of milk processing waste- 
water, the Junction City effluent re- 
vealed MPN ranging from 20,000 to 
a maximum of 5,400,000. The New 
) Auburn installation gave MPN read- 

ings in the effluent of 4,600 to a maxi- 
mum of 457,000. The Spooner installa- 
tion ranged from 170,000 to 1,700,000. 


severe 
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Solids Settlement 


Total solids were also generally low- 
est in summer and highest during the 
winter season. The studies on the 
Junction City pond indicated total 
solids ranging from 225 mg/l during 
June and July to a maximum of 375 
mg/l in January. The range at the 


New Auburn installation was 330 to 
450 mg/l. The total solids in the 


Spooner pond ranged from 390 to 570 
mg/l, and the 1959 studies at Junction 
City ranged from 330 mg/l to a maxi- 
mum of 900 mg/l reached during the 
month of March. Solids settle to the 
bottom and are utilized in the anabolic 
function of the benthic organisms. De- 
composition during the season of opti- 
mum temperature and dissolved oxy- 
gen is inadequate to completely oxidize 
this material. Partially decomposed 
material tends to accumulate on the 
pond bottom. This layer of sediment 
can usually be differentiated into a 
layer of compact, black, organic ma- 
terial, attaining a maximum depth of 
about two centimeters in the two years 
since initial operation. Superimposed 


TABLE IV.—Daytime Surface Temperature and Ice and Snow Cover 
at Approximately Four-Week Intervals 


Temperature (°C) 


Month Ponds 
jor | sou | Na | 
1957 May | 135 | 145 | 130 | 
| June | 25.5 | 25.5 | 21.5 
July 25.0 26.0 24.5 | 
Aug. | 240 | 24.0 26.0 
‘ Sept. | 145 | 145 16.0 | 
Oct. | 13.0 | 13.0 11.5 
Nov. | 30 | 20 2.0 | 
| Dee 1.0 | 1.0 1.0 
1958 Jan Le | 1.0 0.5 
| Feb 05 | 10 0.5 | 
Mar 15 | 10 | 
Apr 16.5 15.0 11.0 
May 17.5 15.5 19.5 
June 20.5 20.5 21.5 | 
| July 25.0 | 25.0 | 24.5 | 


* Ice covered with one or more inches of snow. 


Ice Cover (in.) 


Ponds 


23.0 — 
24.5 — — 
24.5 
14.0 
12.0 | — 
1.0 3 3 4 6 
1.0 6* 6* 
0.5 
1.0 
1.0 
7.5 - | - — — 
16.0 - | - - 
25.0 | “nee 
25.0 - — 


| | 
| 


5 
q 
| 
| | 
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TABLE V.—Light Transmission Through 
Snow and Ice 


Mean 
Pe 

> Date > entage 
Pond 1058 I k I | ¢ 
I 
ed 

Junction City 
Pond I 3/10} 1.3 12 6.5 
Pond II 3/10} 1.5 15 10.2 
New Auburn (3/13) 2.0 16 3.9 
Spooner 3/15 3.0 17 1.7 


on this layer was an upper layer of 
recently settled particles containing 
mnicroscopic fragments of decomposing 
sewage solids and well-colored clumps 
of algae. The particles in this layer 
were loosely arranged, and the total 
depth of this layer also was approxi- 
mately two centimeters. 


Air Temperatures 


Daily fluctuations in air tempera- 
ture are strongly superimposed on the 
surface water of a stabilization pond. 
In northern climes, this may lead to 
the formation of ice as winter ap- 
proaches. Daytime temperatures of 
the surface water of ponds in Wis 
consin are indicated in Table LV, along 
with data concerning the presence of 
ice and snow and the thickness of the 
ice. The ponds were completely closed 
by ice in the months indicated except 
for small openings directly above the 
inlet. They were effectively sealed 
from interaction with the atmosphere 
for approximately 40 per cent of the 
year. Snow was usually present on 
the ice at the times of winter sam- 
pling. 


Light Absorption 


Variation in the intensity of solar 
radiation among seasons influences the 
potential rate of photosynthesis in a 
pond, both because of the diminished 
heat budget and the reduced amount 
of energy available for the photochemi- 
eal reaction. The presence of ice with 


an overlying layer of snow in winter 
limits further the amount of relatively 
poor incident light energy that reaches 
the water \n estimate of the per- 
centage of incident light that passes 
through typical winter eover indi- 
cated in Table V. The drastie redue- 

tion is apparent, ranging between 90 
and 96 per cent absorption. It ap- 
pears from the data that the quality 
of the ice is a faetor in determining 
the percentage of light transmitted. 

The rate of light absorption with 
water depth is indicated in Table VI 
by measurements of the level at which 
specific percentages of ineident light 
remained. When the relationship be- 
tween the reduction in light and the 
thickness of the layer of water through 
which it has passed is expressed 
graphically on a semi-logarithmie plot, 
a straight line is obtained if ma- 
terials in suspension are uniformly dis 
tributed. If these data are thus 
plotted, a straight line relationship was 
consistently approximated at Spooner 
and quite regularly at Junetion City 
and New Auburn. Variations from a 
straight line plot in the latter ponds 
were found to coincide with a vertical 
stratification of the phytoplankton. 

The light penetration data colleeted 
in Mareh 1958 may be considered ty pi- 
eal for periods when snow covers the 
ice. The work of Birge and Juday 
(9), reported recently by Neess and 
Bunge (10), indicates that the absorp- 
tive quality of clear ice is very similar 
to water although the addition of air 
bubbles or other particulate matter 
somewhat reduces the transmissibility 
of energy. In the absenee of snow, 
light penetration in the ponds would 
be much improved. 

The depth of the euphotie zone, 
indicated in Table VI as the level at 
which one per cent of the incident 
light remains, was found to extend only 
a few inches beneath snow and _ ice. 
In the season of open water, it was 
generally between two and three feet 
deep in the ponds at New Auburn and 
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TABLE VI.—Light Penetration in Sewage Oxidation Ponds and Two Wisconsin Lakes in 1958 


Mean Depth (in.) at which Indicated 
Percentage of Incident Light Remains 
Location Date Remarks 


(50%) | (25%) (10%) | (1%) 


Junction City 


Pond | 3/10 - 10 1.3 in. snow, 1 in. ice 
4/15 14 22 33 >1°% at bottom (45 in.) 
5/20 6 | 
6/16 | 138 | 25 33 3 
7/24 12 18 23 30 
8/9 12 22 37 11 
8/26 32 | >1°) at bottom (45 in.) 
New Auburn 3/13 > 1 2.0 in. snow, 16 in. ice 
4/24 2 | 5 Ss 20 
6/18 6 | 13 19 | 2 
7/23 8 4 | 26 
8/19 4 8 | 15 | 27 
Spooner S/15 | 7 3.0 in. snow, 17 in. ice 
1/10 l4 27 
$/29 3 6 11 23 
5/21 3 6 11 24 
6/19 6 12 19 35 
7/23 > 6 11 23 
Lake Waubesa | 
Dane County) 6/13 18 17 O8 217 Eutrophic lake 
Pine Lake 
(Waukesha Co.) 6/12 82 244 106 762 Meso-oligotrophic lake 


Spooner. Pond | at Junction City natural bodies of water for which data 
exhibited the widest variation in ex- are available (9) (11) (12). 

tent of the euphotie zone, and on oe- 
casion all portions of the pond re- 
ceived adequate light for photosyn- Fitzgerald and Rohlich (1) reeog- 
thesis. Similar data are found for two nized that the phytoplankton in stabili- 
southern Wisconsin lakes. Penetra- zation ponds are responsible through 
tion of light into the wastewater ponds photosynthesis for maintaining the 
was strikingly less than into these aerobic environment in which satisfac- 
lakes, as well as into most other tory waste treatment occurs. An ex- 


Photosynthesis 


TABLE VII.—Light and Dark Bottle Oxygen Production at Different Depths 
in Junction City Pond I on August 26, 1958 


| 
| DO* Change (mg/l) | O» Production (mg/l/hr) 
Surface Approx, | | 
Deptt | Light Mean - Respiration 
n.) | Remaining Light | Light | Dark (mg/l/hr) 
- | ft-c) Bottle | Bottle Net Gross 
12-15 3 66 2,640 +2.10 | —0.85 +1.1 LS. | OM 
& 15 26 1,040 +1.10 | —O.85 | +-0.6 1.0 0.4 
945 | 30 7 280 0.25 0.85 —0.1 0.3 0.4 
ria 12 1.5 60 —0.50 -0.90 0.3 0.2 0.5 


* DO determinations were made in triplicate. 
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1958 


December 1961 


Auburn Spooner 


15,1958 


Moar 


Depth 


(Feet) 


Dissolved 


observed at successive sampling times. 


periment was conducted in the first 
pond at Junction City during August 
1958 to measure the rate of this proc- 
Light and dark 
bottles were suspended in the water 
at the indicated in Table VII 
for a period of two hours near mid- 
day. The approximate light intensity 


ess at various depths 


levels 


at each depth was calculated, after 
having measured the percentages of 
surface fight remaining, from the mean 
incident intensity taken in _ foot 


eandles at one-half hour 
from noon until 2 pm. The water tem- 
perature at the time of the experiment 
decreased regularly with depth from 
22.0°C at 1 in. the surface to 
19.5°C just off the bottom at 46 in. 
The respiratory of 
the aluminum covered jars 


intervals 


below 
use oxygen in 
(dark bot- 
tles) was essentially the same at each 
level in the pond. The observed dif- 
ference in vertical temperature had no 
measurable effect on the results of the 
experiment since, if such were the case, 
respiration would been 


rates have 


Oxygen 


FIGURE 8.—Diurnal variation of DO at different depths in late winter. 


0 


Concentration (mg/l ) 


: Stippled areas 
represent the difference between initial DO concentrations in the morning and those 


Shaded areas are ice. 


greater at the surface and would have 


decreased toward the bottom. Produc- 
tion of dissolved oxygen by the algae 
was found to with depth. 
The compensation point, or the level 
at which the rate of photosynthetic 
oxygen production was equivalent to 
total occurred just 
above 30 in. Respiratory consumption 
of oxygen below that depth exceeded 
production. If 
those of the experiment actually ex- 
isted in the pond, a dissolved oxygen 
deficit would occur in the 
stratum, 


decrease 


respiratory 


use 


conditions similar to 


lower 


It appears that light was the prin- 
cipal differ- 
ences in the rate of oxygen production. 


factor causing vertical 
This rate was five times greater near 
the surface than at a depth of 2.5 ft. 
The lower limit of gross photosynthesis 
lay near the depth at which one per 
cent of the light remained. 
The latter level is by definition the 
lower boundary of the euphotic zone, 


ineident 
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and all appreciable photosynthesis oe- 
curs above it 


Ice Cover 


The in situ effects of photosynthetic 
aeration in the stabilization ponds 
were apparent from dissolved oxygen 
data collected at regular intervals from 
dawn until dusk on days in late win- 
ter, spring, and summer. Near the 
end of the winter stagnation period, 
the New Auburn and Spooner im- 
poundments were found to be com- 
pletely anaerobic (Figure 8). In con- 
trast to this, the first pond at Junction 
City had substantial quantities of dis- 
solved oxygen confined to a narrow 
stratum just beneath the ice. Com- 
plete ice cover prevented the oeeur- 
rence of surface aeration; conse- 
quently, the oxygen present originated 
solely through photosynthesis. The 
concentration at the uppermost sam- 
pling depth increased during the day 
causing the vertical stratification evi- 
dent at 8 am to become further ac- 
centuated. A maximum vertical gradi- 
ent was observed at 2 pM when a 
difference of 17 mg | of dissolved oxy- 
gen occurred in 1.5 ft of water. 

Between 4 and 7 per cent of the 
incident light passed through the snow 
and ice cover of the ponds on these 
dates (Table V). Very little light 
energy, therefore, passed into the wa- 
ter. The euphotic zone extended for 
a few inches at Junction City and 
Spooner, and was nearly absent in the 
pond at New Auburn. The water of 
the latter was more darkly colored, 
presumably from the humus of the 
bottom. 


Water Temperatures 


Temperature of the water in March 
was not conducive to rapid metabolic 
activity of the biota (Table IV). At 
mid-day, it was typically near 1°C a 
few inches beneath the ice and in- 
ereased gradually to 3.5°C in the 
more dense water just off the bottom. 


Oxygen Depletion 


It is thus apparent that the algae 
in the euphotic zone of the pond at 
Junction City produced oxygen by 
photosynthesis in excess of oxygen loss 
in the upper stratum of water. Poor 
light intensity and low water tempera- 
ture would be expected to have a limit- 
ing effect on photosynthesis but were 
not completely inhibitory. Oxygen 
transfer to the unproductive deeper 
portion of the pond was not rapid 
enough to meet the demand that existed 
there. The lower stratum was an- 
aerobic throughout the day. Concen- 
trations of dissolved oxygen observed 
in the first samples of the morning 
from just beneath the ice were of such 
a magnitude as to indicate that aerobic 
conditions prevailed at that depth dur- 
ing the previous night. 

Oxygen depletion existed in the 
ponds at New Auburn and Spooner, 
because the phytoplankton was unable 
to sustain a photosynthetic rate suffi- 
cient to offset oxygen consumption so 
that an accrual could oceur. Very 
poor light transmission into the pond 
at New Auburn was especially detri- 
mental to photosynthesis and algal 
growth. While a small amount of 
photosynthesis may have occurred in 
these impoundments, the rate of oxy- 
gen uptake exceeded the rate of pro- 
duction. 

Ice disappeared from the ponds on 
April 4 and 5 in 1958. Diurnal verti- 
cal changes in dissolved oxygen con- 
centration were studied shortly there- 
after. 

The first pond at Junction City was 
supersaturated with dissolved oxygen 
at nearly all levels from early morn- 
ing and throughout the day on April 
15 (Figure 9). Dissolved oxygen con- 
centrations in the upper three feet of 
water increased between each of the 
times of sampling. A strong vertical 
gradient developed in the afternoon 
with a maximum difference of 12.7 
mg/l noted at 6 pm between samples 
taken from 3 and 42 in. The high 
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(Feet) 


30 


Dissolved 
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Oxygen Concentration (mg/li ) 


FIGURE 9.—Diurnal variation of DO at different depths in early spring. 
Stippled areas represent the difference between initial DO concentrations iii the 


morning and those observed at successive sampling times. 


concentration of oxygen present at 6 
1M indicates that the pond remained 
aerobie during the preceding night. 
Sizable quantities of dissolved oxy- 
gen existed at all levels sampled in 
the pond at New Auburn on April 
24 (Figure 9 Gains in coneentra- 
tion were observed at each depth dur- 
ing the morning and early afternoon 
The upper stratum of water reached 
oxygen saturation by 2 pM In the 
interval of time between 2 and 6 pm, 
there was a decrease in concentration 
at all levels. A stron 
ent did not develop in the pond on 
this date. A depletion of oxygen did 


vertical eradi- 


not oceur during the nicht prior to 
sampling, since nearly 6.0 mg/l were 
present in the pond at dawn. 

Figure 9 illustrates that meager dis 
solved oxygen concentrations were 


present at various depths in the pond 


at Spooner on April 29. Small oxygen 


gains were observed at each sampling 
depth during the morning and early 
afternoon, while a slight loss of Oxy- 
gen was detected during the late after- 
noon hours. The vertieal distribution 
of oxygen was found to be uniform 
throughout the day. Metabolie activ- 
ity within the pond during the night 
before sampling caused near de pletion 
to exist at dawn. 

Photosynthetic oxygen originated in 
the euphotic zones of these ponds. The 
depth of this laver on the April sam- 
pling dates is indieated in Table VI. 
At Junction City, the entire pond was 
bathed in light sufficient for sustained 
photosynthesis with greater than one 
per cent of that incident remaining 
on the floor of the pond. In the im- 
poundments at New Auburn and 
Spooner, this zone was appreciably 
more shallow, being slightly less than 


two feet deep. 
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Pond Recovery 


These data 
recovery 


the rate 
stagnation 
As the wa- 
(Table IV), a 
environment was 
established at Junction City and New 
Auburn within two weeks after the ice 
melted. 


indicate that 
of from winter 
varied among the ponds. 
ter temperature 
completely 


rose 


aerobie 


The Spooner installation was 


just beginning to exhibit the diurnal 
excess of oxygen 24 days after it 
opened. Hydrogen sulfide odors, as- 


sociated with anaerobic conditions, 
were detected only in the water sam- 
ples from the latter pond. 

Typical changes in the vertical dis- 


tribution of dissolved oxygen between 


dawn and dusk on summer days 
are indicated in Figure 10. The depth 
at which 1 per cent of the incident 


on these 
2 and 3 ft, 
this 


light remained in the ponds 
dates of study was between ‘ 
except at Junction City 
laver extended to 41 in. 
The Spooner installation was stud- 
On June 19 the 


where 


ied on two occasions. 


STABILIZATION PONDS 


Spooner Spooner 
June 19,1958 Aug i2, 1958 
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upper three feet of water in that pond 
were supersaturated with dissolved 
oxygen early in the morning. Aerobie 
conditions prevailed during the pre- 
vious night. Concentrations increased 
in the upper stratum as the day pro- 
gressed, thus amplifying the stratifica- 
tion present at sunrise to a maximum 
difference in late afternoon of nearly 
30 mg/l between surface samples and 
those taken at a depth of 4 ft. While 
the at the latter level 
was small, oxygen depletion was not 
observed. 


concentration 


On August 12, the margin by which 
diurnal aeration exeeeded nocturnal 
consumption in the Spooner pond was 
much smaller. The graphs of Figure 
10 for that date show that the water 
was very nearly depleted of dissolved 
oxygen during the night preceeding 
sampling. As oxygen increments were 
added in the 
of sampling, a vertical gradient be- 


intervals between times 


came established, characterized in late 


afternoon by values at the surface 
Jct. City I New Auburn 
Aug 9, 1958 Aug. 19, 1958 
i 
/ 
4 5am 4 5am 
4. i. | 
if [7 
if 
4 9am = 9am 
4 
4 an 
4 12:30 pm 12:15pm 
iL 
7 
4 4 Y 
4 3.30pm 4 3pm 
7pm 4 
i 4 A iL i 
0) 20 40 0 20 40 
Concentration (mg /i ) 


FIGURE 10.—Diurnal variation of DO at different depths in summer. Stippled 
areas represent the difference between initial DO concentrations in the morning 
and those observed at successive sampling times. 
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near saturation. 
four feet, no 
present. 

The data from Spooner on these two 
dates served to illustrate that during 
normal the summer, 
widely different dissolved oxygen re- 
lations may be observed in a pond. 
Following recovery from winter stag- 


While at a depth of 


dissolved oxygen was 


operation in 


nation, a given pond may conserve a 
large excess of dissolved oxygen dur- 
ing a period of a few days or weeks 
and then under seemingly similar eli- 
matie conditions revert 
in which a delicate exists be- 
tween diurnal net gain and nocturnal 


to a situation 
balance 


loss. 


Marimum DO Concentrations 


In the present series, the Junction 
City and New Auburn impoundments 
were studied at a time 
dissolved 
present. 


when maximum 


oxygen concentrations were 
The diurnal vertical distribu- 
tion of oxygen on the dates of sampling 
in August (Figure 10 


these ponds. 


was similar in 
Large gains in dissolved 
oxygen were made during the day only 
in the upper two feet of water. The 
concentration in the lower portion of 
the with 
conditions prevailing 


ponds was poor anaerobic 
near the bottom. 
The odor of hydrogen sulfide was pres- 
ent in drawn 
depth. Extreme 
with a difference 


from the lowest 
vertical stratification 
Or 


water 


of between 25 and 
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December 1961 
mg/l of dissolved 
more than 3 ft of 
by late afternoon. 
of oxygen noted at 


oxygen in a little 
water was evident 
The concentrations 
5 AM in the upper 
portion of these ponds were of such 
indicate that oxy- 
did not during 
the previous nights. 

The 


ents 


a magnitude as to 


gen depletion 


occur 


steep dissolved oxygen gradi- 


observed in the ponds on days 
of sampling during the spring and 
indicate the 
columns by cur- 


The oxygen produced by the 


summer mixing of 


water 


poor 
wind-driven 
rents. 
phytoplankton in the upper strata was 
not translocated to deeper layers. The 
cause for this appears to lie in verti- 
cal temperature gradients which were 
of sufficient magnitude to give the wa- 
ter columns considerable stability 
(13). 
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STORM-WATER OVERFLOWS 
FROM COMBINED SEWERS 


As more and more cities provide 
treatment for their wastes, more atten- 
lost 
through overflows from combined sewer 
(1)(2)(3 
umes of sewage are allowed to overflow 
without treatment, the objective of wa- 
ter pollution abatement is defeated. 
This paper is concerned with (a) de- 
termining the frequency, duration, and 
the amount of sanitary sewage in com- 
bined and (b) de- 


termining the practical limitations on 


tion is being given to 


sewave 


systems If substantial vol- 


sewer overflows, 
the maximum capacity for storm-water 
runoff that can be provided in 
cepting sewer 


inter- 
and treatment plants 
for effective pollution abatement. 
During storms the flow 
sewer systems may be 100 to 200 times 


in combined 
the amount of the sewage flow. Because 
it is not economically feasible to de- 
sign intercepting sewers and sewage 
treatment facilities to handle such 
flows, only a fraction of the combined 
flow can be intercepted and brought to 
a plant for treatment. The quantity of 
flow so intercepted is often expressed 
in terms of its ratio to the average 
annual dry-weather flow (DWF) of 
sanitary sewage “DWE” is defined 
as average annual dry-weather flow.) 
This referred to as the ‘‘in- 
terception ratio.’’ 


ratio is 


Peak Dry-Weather Flow 
Although the 


usually expressed as a funetion of the 


interception ratio is 


average ary weather flow, actually the 


hbasie consideration is how much storm 


H. H. Benjes, P. D. Haney, O. J. Schmidt, and R. R. Yarabeck 


Benics, P..D. 0. 3 
and R. R. Yarabeck are with Black 4 
City, Mo 


Sehmidt, 
Ve ate h, 
Kansas 
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water capacity should be provided in 
the interceptor in exeess of that ca- 
pacity needed to carry the peak dry- 
weather sewage flow. Storm-water run- 
off and 


appear in the interceptor simultane- 


peak dry-weather flow may 


ously; and, therefore, the peak dry- 
weather flow is of greater significance 
than the average dry-weather flow in 
determining the most feasible intereep- 
tion ratio. 

The dry- 
weather flow varies widely, depending 
Where 


a community of 20.000 people will have 


ratio of peak-to-average 


on the size of the community. 


a ratio of peak-to-average dry-weather 
flow of 
500.000 
only 1.5. 


about 3.0. a COMMUNITY of 


may have a similar ratio of 
Before even considering the 
runoff to be 
intercepted in these two communities, 


it will be 


amount of storm-water 


necessary to use an inter- 
ception ratio, as previously defined, for 
that 
for the larger community in order to 


the smaller community of twice 


just the 


Arbitrary selection of an interception 


carry peak dry-weather flow. 


ratio, derived from average dry- 


weather flow, for all cities, regardless 


of size, is unrealistic because it fails 
into account the great variation 
different 


ratio of peak-to-average dry-weather 


to take 


among cities of sizes in the 


flow. It is considered that the practice 
of relating interceptor capacity to av- 
should be 
A hetter concept would be 


erage dry-weather flow 


changed. 
to measure the interceptor eapacity in 
terms of the peak dry-weather flow. 
Interception ratios would then be eal 
culated by dividing intercepting sewer 
capacity by peak dry-weather flow. 

In a facilities haye also 


cities 


few 


2 
i 

| 

a 

| 

: 
: 


been provided for treatment of the by- 
passed combined sewage. Because of 


the large flows involved and difficulty 


TABLE I. 


COMBINED SEWER OVERFLOWS 
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Interceptor Capacity and Sanitary 


Sewage Lost 


in Obtaining adequate sites, such treat- inhorengter Runoff DWF 
apacity (in. hr) Hseaping 
ment is generally limited to a relatively (x DWF) (Ye) 
short period ot sedimentation, skim- 0.05 67 
ming, and chlorination with the set- 3 0.05 50 
tled solids discharged to the interecept- 5 0.05 17 
ing sewer. 9 0.05 0 
2 0.10 82 
— 3 0.10 73 
Low-Intensity Storms 5 0.10 55 
rhe low-intensity storms are im- 0.50 
portant in determining the frequency 2 0.50 O4 
and duration of overflow from com- 5 0.50 90 
bined sewers. McKee (4) made a de- ? 0.50 = 
tailed study of low-intensity storms 
using the Boston, Mass., records for the : 
of the interceptor. A partial summary 
June through November period for 1934 om 
: ie of his findings is presented in Table I. 
to 1945 inclusive. He found that a 
; It is apparent from these figures 
rainstorm of 0.04 in. hr will produce . 
ri that a large part of the sanitary sew- 
storm runoff equal to the DWF and ae 
ee age escapes to the receiving stream dur- 
that 0.03 in. is necessary to wet-down 
ing low-intensity storms even if the 
the area before runoff begins. Thus, . 
interceptor capacity is 5 xX DWF. 
in Boston, a rainstorm of 0.01 in./hr, ; 7. 
McKee (4) carried this phase of his 
after initial wet-down, will produce a: . 
study further by combining the rain- 
runoff equal to the DWE. Palmer (2) , 
ees ass fall occurrence and the per cent of 
and Johnson (3), in independent stud- : 
, , : sewage lost to determine the per cent 
ies elsewhere, arrived at practically 
‘ of total sewage lost on an annual basis. 
identical results. Palmer's conelusions 
He found that rainfall sufficient to 
were based on actual field measure- 
ee cause runoff occurs about 5.65 per cent 
ment and observation; MeKee’s were 
of the time. He also found that with 
OW all ANALVSIS O rec- «¢ 
an interceptor capacity of 2 x DWF, 
ords. Shifrin and Ilorner (5), at St. - 
: ; eg 2.7 per cent of all sanitary sewage will 
Louis, estimated that 0.04 in. of rain- 
eseape, or 97.3 per cent will be inter- 
fall is required before surface runoff 
iat es cepted. If the interceptor capacity is 
begins from impervious areas. Their 
5 DWF, 1.2 per cent of all sewage 
findings show that the rainfall re- 
will escape, or 98.8 per cent will be 
quired to produce runoff from pervious 
intercepted. Stanley (6), in his dis- 
areas varies, being dependent on dura- A 
cussion of MecKee’s paper, reported 
) 


intensity but is never less 
than 0.12 in. They also found that the 
. DWE of sanitary sewage is equivalent 
to 0.007 in. hr acre. 


Sanitary Sewage Loss by Overflow 


McKee (4) determined how much of 
the sanitary sewage is lost to the re- 
ceiving stream during any specific 
rainstorm. The percentage of the 


DWE escaping is dependent on the 
intensity of the storm and the capacity 


that at Chicago with an interceptor 
capacity of 2 x DWF, 2.9 per cent of 
all sanitary sewage will escape; and if 
the interceptor capacity is 5 x DWF, 
0.4 per cent of all sanitary sewage will 
Stanley also pointed out that 
rainfall intensities equal to or greater 
than 0.04 in. hr will oceur 1.6 per 
cent of the total time at Chieago, and 
1.7 per cent of the total time at Minne- 
apolis. Palmer (2) found in Detroit 
that rainfall intensities in excess of 


escape. 


| 
7 
i 
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TABLE II.—Sewer Overfiow Frequency 


Nu Ove s per Month 
Interceptor 
Capacity 
x DWF) 

McKee Pa lohnaon 

2 

».0 6.7 ».0 

5 2 6.0 13 

10 


0.04 in./hr will occur about 2.5 per 
cent of the total time. Shifrin and 
Hlorner (5), at St. Louis, found that 
with an interceptor capacity of 1.36 
DWF, 3.07 per cent of all sanitary 
sewage will escape and with an inter- 
ceptor capacity of 2 x DWF, 2.19 per 
cent of the sewage will escape. For 
St. Louis, 1.36 x DWF represents peak 
sanitary flow. 

These data indicate that: (a) with 
an interceptor capacity designed at 2 
to 3X DWF, about 2 per cent of all 
the sanitary sewage escapes, and (b) 
this oceurs during only 2 to 6 per cent 
of the time. Increasing the interceptor 
capacity from 2 to 5 x DWF, or 250 
per cent, results in only about 1.5 per 
cent more sanitary sewage being 
treated. 


Frequency of Combined Sewage 
Overflow 


Palmer (2), Johnson (3), and Me- 
Kee (4) made studies of the frequency 
of overflows from combined sewers. 
The number and frequency of these 
overflows is dependent on the storm 
intensity and the capacity of the inter- 


TABLE III.—Effect of Storm Concentration 
on Overflow Frequency 


N l \T 
Interceptor 
Capacity 
(X DWF 
l 2 hr 4 
2 6.5 5.8 5.1 1.6 
5.8 ».0 13 
10 4 2.7 2.0 1.5 
* For various times of concentration 
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TABLE IV.—- Duration of Overflow 


Per Cent of Total Time 


Intercepto 
Capacity 
DWI Me Kee Palmer Johnson 
2 5.7 2.5 
3 3.7 2.1 
5 2.2 1.5 2.1 
10 | 1.2 1.1 
ceptor sewer. The results of these 


three investigators are shown in Table 
IT. 

Camp (1) reasoned that the time of 
concentration in combined sewers from 
low intensity rainstorms can exceed 60 
min for Concord, N. H. He determined 
the number of overflows from different 
interceptor capacities different 
times of concentration. His results are 
shown in Table III. 

Camp found that the Concord data 
indicated about the same frequency of 
overflows as the Boston rainfall data 
for large capacity interceptors. 


Duration of Combined Sewage 
Overflow 


Although overflow frequency is im- 
portant, the duration of overflow must 
also be considered. Rainfall intensity 
and interceptor capacity are the prin- 
cipal determinants of overflow dura- 
tion. Palmer (2), Johnson (3), and 
McKee (4) studied overflow frequency 
and duration for Boston, Detroit, and 
Washington, respectively. Their re- 
sults are shown in Table IV. 

Shifrin and Horner (5) found that 
overflows will occur about 4.9 per cent 
of the time at St. Louis with an inter- 


TABLE V.—Average Duration of Overflows 


Hours 
Inte eptor 
Capacity 
) McK Palme Johnson 
| 
| 
2 1.4 2.6 
5 5.4 2.3 4.2 
5 6.6 
10 2.4 2.6 
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ceptor capacity equal to the peak dry- 
weather flow of 1.36 x DWF. 

By correlating the duration of over- 
flow with the frequency of overflows, 
the average duration of each overflow 
in hours for the data of MeKee, 
Palmer, and Johnson was computed 
with the results as shown in Table V. 


Pollutional Characteristics of Storm 
Water and Combined Sewage 
Storm Water 


Palmer (2 


collected and analyzed 
samples from a catch basin in the busi- 
ness district of Detroit during a rain- 
storm to determine the  pollutional 
characteristics of the storm-water run- 
off from a separate storm sewer con- 
The re- 
sults of the individual analyses ranged 


as follows: 


taining no sanitary sewage. 


Coliform bacteria 


(MPN/100 ml) 25,000 to 930,000 


Total solids (mg/] 310 to 914 
Volatile solids (mg/l) 136 to 414 
5-day BOD (mg/l) 96 to 234 


As would be expected, the composi- 
tion of the storm sewer flow exhibited 
wide variations. Palmer concluded 
that the quality of water from separate 
storm sewers is very unsatisfactory 
when judged by the standards applied 
to overflows from combined sewers. 
Akerlindh’s (7) investigation of the 
quality of storm-water flow reported 
similar BOD values. 


Combined Sewage 


Palmer (2) also made studies of the 
character of the overflow wastes from 
a combined sewer. His conclusions 
were that after the quantity of storm 
flow exceeds the capacity of the inter- 
ceptor of 2 to 2.5 x DWF, the quality 
of the overflow will be approximately : 


Coliform bacteria (MPN/100 ml) 4,300,000 
Suspended solids (total) (mg/l) 250 
Suspended solids (volatile) (mg/l) 100 
5-day BOD (mg/l) 50 


TABLE VI.—Storm Flow Characteristics 


at Buffalo 
Bird Ave. Bailey Ave. 
District District 

Item 
(mg/l) Prior | Dur- | Prior | Dur- 
to ing to ing 
Rain- Rain- | Rain-| Rain- 
storm storm storm storm 
Total solids 498 | 754 | 461) 785 
Suspended solids 158 544 | 126 436 
Volatile susp. solids | 108 | 350 92) 196 
5-day BOD | 162) 100 127 121 


Plus variations of 100 per cent and 
minus variations of 50 per cent are to 
be expected. Palmer’s other conelu- 
sions were: (a@) erratic variations in 
the composition of combined sewage 
overflow are characteristic, and (b) a 
condition of more-or-less uniform qual- 
ity of combined sewage overflow cannot 
be expected unless the storm period 
substantially exceeds the time of con- 
centration, and the rainfall is of suffi- 
cient intensity to provide high veloci- 
ties. 

Riis-Carstensen (8) reported on an 
extensive program of gaging and sam- 
pling of the flow in combined sewers 
at Buffalo, New York. In two districts 
before and during a 0.55 in. rain, the 
characteristics of the wastewater 
changed as shown in Table VI. 

Suspended solids in samples ranged 
from 172 to 1,220 mg/l during the 
storm period in the Bird Avenue Dis- 
triet. Riis-Carstensen computed that in 
one hour during the storm the com- 
bined sewage carried 28.4 times the 
normal amount of suspended solids. 
He concluded that the strength of the 
overflow varied widely and that any 
evaluation of the pollutional effect of 
combined sewage overflows based on 
volume only, may be grossly mislead- 


ing. 
Interceptor Costs 


The quantity of the combined flow 
intercepted will determine the size of 
the interceptors required to carry the 


4 


of 
5 
: 
% 
5 

; 
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TABLE VII.—Interceptor Capacity and Cost 


Interceptor 
Capacity 
x DWF) 


1.5 (Base 


flow to the treatment plant. 
The greater the quantity intercepted, 
the lar is the sewer size required 
and the greater the cost. A study was 
made to determine the relative 
costs when varying quantities are inter- 
cepted. The were: A 
minimum capacity equal to the peak 
dry-weather flow of 1.5 times the aver- 
age dry-weather 


sewave 


sewer 


assumptions 


flow is required in 


every case and is therefore the base; 
n= 0.013; 36-in. pipe with a velocity 
of 2 fps when flowing full for basic 
capacity and costs; the same grade for 
all sizes of sewer; and only the pipe 
and trenching costs are considered. 
Based on these assumptions, the inter- 
ceptor size and relative costs for inter- 
ception of various 
in Table VII. 


To reduce the quantity of 
lost by overflow 


flows are shown 
sewage 
from approximately 
2 per cent with an interceptor capacity 
of 2 x DWF, to approximately 1 per 
cent with an interceptor capacity of 
5X DWF, or a reduction of 1 
cent, the interceptor would be 
nearly doubled. The reduction 
in sewage lost to the receiving stream 


per 
cost 


small 


obtained by increasing the interceptor 
capacity by 2.5 times does not appear 
to justify the resulting large increase 
in interceptor cost. 


Analysis of Rainfall and Runoff 
in Kansas City, Mo. 


A detailed study was made of rain- 
fall frequency 
Kansas City, 


and intensity for the 
The data 


selected for analysis were the official 


Missouri, area 
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published records of the | 


December 1961 


1. S. Weather 
Bureau, entitled ‘‘Hourly Precipita- 
tion,’’ for the Municipal Airport Sta- 
tion, Kansas City, 


Missouri. The pe- 
riod chosen was March to November, 
from 1950 through 1959. It 
that precipitation during the 
winter months of December, January, 
and February probably would occur 
as snow, thus complicating the studies 
of runoff. 
therefore, 


Was 


soned 


These three months were, 
excluded from the study. 
The frequency of occurrence of various 
rainfall intensities was determined by 
counting the number of hours during 
which each intensity occurred. For 
ease of computation and analysis, the 
Re- 
sults of the computations are presented 
in Figure 1. 
was employed. 
that 
curs only about 5 per cent of the time 
at Kansas City during the Mareh 
through November period. 


rainfall intensities were grouped. 


Center-of-strip plotting 
Krom this figure it can 
rainfall oe- 


be seen measurable 


Several assumptions were made to 
compute the runoff. These assumptions 
the first 0.04 in. of rainfall 
would be needed to wet down the area 
before runoft begins, (b) 


were: (@ 


runoff from 
impervious areas would be 100 per cent 
after initial wet-down, (c) runoff from 
previous areas would be the rainfall 
rate in excess of an assumed infiltration 
rate into the of 0.10 in./hr, and 
(d) the area was considered to be 50 


soil 


per cent impervious and 50 per cent 
pervious. This last assumption was 
1945 studies of the 
City sewerage system. 
Deducting the 
beginning of 


based on Kansas 


0.04 in. at the 
storm for 


first 
surface 
wetting, the frequencies of occurrence 
of rainfall of 
recomputed. The results are shown in 
Figure 2. 


each 
various intensities were 


The analysis shows that 
rainstorms producing runoff oceur only 
about 3.7 per cent of the time at 
Kansas City during the March through 
November period. 

The runoff from the adjusted rain- 
fall was then computed using the above 


i 
Sanitary Relative q 
Sewage Selected Interceptor 
aor Lost by Pipe Cost 
Overflow Size (in of 
ut (FY, Base) 
8 2 2 12 123 
3 1S 149 
54 179 
Ris: 5 | 60 214 
| 
3 
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assumptions. The runoff, expressed as 
in./hr (equivalent to cfs per acre), is 
Figure 2. The 1958 
report on trunk sewers and sewage 
treatment facilities for Kansas City 
estimated that the 1957 average annual 
dry-weather flow of sanitary sewage 
was approximately 0.0035 efs per acre 
or 0.0035 in./hr. Using this figure for 
average dry-weather flow, Figure 2 


also shown in 
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shows that runoff of 1* DWF or 
greater will occur 3.55 per cent of the 
time and that runoff of 2 x DWF or 
greater will occur 3.22 per cent of the 
time. 


Removal of Pollutants at Kansas 
City, Mo. 

With the peak dry-weather flow for 

Kansas City of 1.5 times the average 


Per cent of Time Roinfo// £gua/ fo or Less Thon 


/00 99 98 396 33 
20 T a 
4 
Based on roinfol/ records of 
Konsos City, Mo., March-Nov 
950-1959 period 
t 
> 
4 
| Occurrenae of 
Kanrsos City , Mo 
o 5 6 7 


/ 2 3 
Per cent of Time Roinftal/ Egua/ to or Greoter Than 


FIGURE 1.—Analysis of rainfall for Kansas City, Mo., during March 
through November for period of 1950-59. 
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dry-weather flow and if an interceptor 
capacity is selected to carry the peak 
dry-weather flow plus a certain amount 
of storm-water runoff, Table VIII 
shows the relative frequency of over- 


flow to be expected with various inter- 
ceptor capacities. 

Increasing the interceptor capacity 
from 1.5 k DWF to 3.5 x DFW re- 
duces the frequency of overflow by 
only 0.50 per cent. The reduction in 


loss of sanitary sewage would be of 


the same order. An interceptor with 
capacity to carry only the peak dry- 


weather flow would overflow 3.72 per 


TABLE VIII.—Frequency of Overflows 
Expected 


Interceptor 
Capacity 


DWF) 


2 
2.83 
t 
) 30 


FIGURE 2.—Analysis of rainfall and runoff for Kansas City, Mo., during March 
through November for period of 1950-59. 


cent of the total time, and one with 
capacity to carry the peak dry-weather 
flow plus storm-water runoff equal to 
twice the average dry-weather flow, 
would overflow 3.22 per cent of the 
time. As shown in Table VII, an inter- 
ceptor with capacity to carry 3.5 x 
DWF would cost about 1.5 times as 
much as an interceptor with capacity 
to earry only the peak dry-weather 
flow. This is especially important in 
large communities where large and ex- 
pensive interceptors are required to 
carry peak dry-weather flow. Signifi- 
cantly inereasing these costs would not 
be justified, considering the extremely 
small reduction in overflow time which 
would be obtained 


Summary 


1. A number of independent investi- 
gators of combined sewer overflows re- 
ported general agreement as to: (a) 
rainfall required to produce runoff, 
(6) sanitary sewage overflow with vari- 
ous interceptor capacities, and (c) fre- 


ipe 
of ne Level fo or Less Thon 
| 
= 00035 in /hr 
Reino: 
+ + + + ~ + + + 
be 
| 
| 
Kensas City, Mo 
Dwe | | 
aa Per cent of Time Equal fo or Greater Than ie 
3 
Allowance fo Overflow 
< DWI of time 
1.5 3.42 } 
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4 
4 
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- 
i 


Vol. 33, No. 12 


queney and duration of overflows with 
various interceptor capacities. 

2. Because storm-water flows are so 
much greater than the sewage flow in 
any combined sewer, all investigations 
of how much capacity should be pro- 
vided in an interceptor sewer have 
invariably reached the conclusion that 
the practical maximum effective ca- 
pacity is not appreciably greater than 
the peak dry-weather flow. This prac- 
tical maximum effective capacity is 
about 1.5 times the peak dry-weather 
flow. 

3. Since interceptors must be capa- 
ble of carrying at least the peak dry- 
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weather flow it would be logical to 
express the required interceptor ca- 
pacity in terms of the peak dry-weather 
flow. This would allow comparison of 
interception ratios regardless of the 
size of the communities involved. 

4. Little is known about the pollu- 
tional characteristics of storm-water 
runoff, particularly from urban areas. 
Information is needed on how these 
characteristics vary (a) from city to 
city, (b) with intensity of storm, and 
(c) with duration of storm. Compara- 
tive data on runoff from suburban and 
rural areas would also be valuable. 
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HELP! 


In addition to the busy holiday season this is the time when member- 


ship renewals must be processed. 


To make sure all renewals are com- 


pleted correctly in the proper time we need your help. You may per- 
form this help by forwarding your 1962 dues to your Member As- 
sociation Secretary before the Christmas rush. 

This will provide enough time for your Secretary to process the dues 


and forward the renewal list to 


us. These must be handled before 


February to assure uninterrupted delivery of the Journal. Reinstate- 


ments mean delays. 


Thank you for your cooperation. If you have not received your 
notice your Secretary is listed on page 670a. 


| 
i 
32 
; 


SEWAGE TREATMENT BY 
EXTENDED AERATION 


In recent years a nation-wide popula- 
tion upsurge has been accompanied by 
an extensive development of suburbs. 
The building of housing developments, 
shopping centers, motels, schools, in- 
dustries, and other services has greatly 
exceeded the construction of inter- 
ceptor sewers to central metropolitan 
sewage treatment works, and interim or 
permanent isolated facilities have be- 
come necessary. At the same time, 
local sewerage systems have been 
favored over on-lot disposal as an an- 
swer to the immediate problem. 

Conventional types of waste treat- 
ment plants have been designed for 
small installations and have proved 
satisfactory. Septic tanks, with subse- 
quent subsurface disposal, vravel beds 
or sand filters, have been utilized in 
many instances with suecess depending 
on soil characteristics. Waste stabili- 
zation ponds have been used effectively 
for interim and permanent waste 
treatment where suitable land is avail- 
able for the acreage required 

During the last ten years a modifiea- 
tion of the activated sludge process, 
‘*extended aeration,’”’ has rapidly 
gained in use for treatment of sewage 
(Figure J The application of the 
process consists of an aeration tank 
providing for a detention time much 
longer than conventional activated 
sludge, which is followed by a settling 
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tank of several hours detention, for 
separation of liquid and sludge. The 
supernatant liquor is discharged as 
plant effluent and the settled sludge is 
returned to the aeration unit. The de- 
sign relies on the stabilization of or- 
ganic matter under aerobie conditions, 
with disposal of the end products 
through the air as gases, by passage in 
finely suspended or soluble form in the 
effluent liquor, or by sludge wastage. 
In this system the conventional acti- 
vated sludge process is simplified by 
elimination of the primary settling 
tank and the anaerobic sludge digester. 

The extended aeration type plant is 
a new tool in the series of waste treat- 
ment devices. In recent years hundreds 
of these plants have been placed in 
operation. The rapidity of this growth 
has outdistanced orderly compilation of 
data concerning their applicability and 
effectiveness. At the same time, in- 
creasing state interest has stimulated 
requests by the Conference of State 
Sanitary Engineers and the Great 
Lakes-Upper Mississippi River Board 
of Sanitary Engineers to the Public 
Health Service for an evaluation of 
these and other types of small sewage 
treatment plants. This report is di- 
rected to the preliminary evaluation of 
extended aeration under field condi- 
tions as reported by the states (1), and 
is limited to plants in the range of 20 
to 2,500 population equivalents in 
terms of 5-day BOD. No testine of 
plants or experiments with the process 
Was possible in this study. 


Accumulation of Data 
Regional offices of the Publie Health 
Service were asked to obtain from each 
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SCREEN AND/OR COMMINUTOR 
(INCLUDED IN MOST PLANTS) 
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| CHLORINATION 
| (PROVIDED IN FEW 


PLANTS) 
INFLUENT SETTLING EFFLUENT 
AERATION TANK TANK 
RETURN SLUDGE LINE _¥.,__TO SLUDGE HOLDING TANK 


(PROVIDED IN SOME 
PLANTS) 


FIGURE 1.—Flow diagram of extended aeration process. 


of the 50 states data on the number 
of current plants and_ installations 
served, laboratory records available, 


state requirements, and state experi- 
ences and reactions. In 11 states hav- 
ing many plants, staff members of this 
project contacted the state health de- 
partments directly and visited plants 
in person to obtain additional informa- 
tion from state engineers and plant 
operators, to observe on-site plant op- 
eration, and to discuss the various fea- 
tures of the extended aeration plants. 


ALASKA 2 
HAWAII 3 


TOTAL NO. PLANTS 
REPORTED — 1,224 


Numbers in Service 


Data obtained from the states show 
that as of July 1, 1960, there were 1,224 
small extended aeration plants in serv- 
ice or under construction distributed 
veographically as illustrated in Figure 
2. Extended aeration plants have been 
used primarily to serve installations 
where daily sewage volumes are small. 
For example, Ohio reports 64 per cent 
of the 399 small plants in that state are 
in the 2,000-to 15,000-gal range (Fig- 
ure 3). Figure 3 that 


also shows 


FIGURE 2.—Distribution of extended aeration plants throughout the United States 
(from a 1960 survey). 
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SCHOOLS 
MISC. USES 
OUSING DEVELOPMENTS 


% OF TOTAL PLANTS 


INDUSTRIES 


1H 
~N 


@ 
MOTELS, TRAILER PARKS 


COMMUNITIES 


o 
INSTITUTIONS 


SHOP-CENTERS 


5.3 50 


@ 


20 
1 30 40 50 100 200 
FACILITIES SERVED © DESIGN CAPACITY-THOUSAND GPD 
FIGURE 3.—Use of classification and size distribution of extended aeration plants. 
Data in left half of figure are from 1,224 reported plants. Data in right half are from 
399 Ohio plants. 


schools are the greatest users of ex- pérformance evaluation (Table I] 

tended aeration plants with 32 per Composite samples collected from in- 
cent, followed by housing develop- dividual plants ranged from 1 to 37 in 
ments, and miscellaneous uses with ap- number. The duration of 


colleetion 
proximately 14 per cent each. varied from 3 to 24 hr. The 59 plants 


; taken as a group provided an average 
Analytical Data 9-day BOD removal of 86.5 per cent, 
Laboratory data from 59 of the with a median of 91.5 per cent. Maxi- 
1,224 plants form the basis of the mum and minimum BOD removals 
TABLE I.—Summary of Results Obtained from Laboratory Analyses 

from Extended Aeration Plants 


Actual Flow Ave 


ispended 


Solids 


Type of Facility Se 


Removals 
per cent) 


Schools 700-63,000 
Housing developments 15,000- 100,000 
Industry 6,900-100,000 
Community 15,000-120,000 
Institution 7,000—40,000 
Motels, trailer parks 2 5O0O-25,004 

Shopping center 12,000-100,000 
Miscellaneous 8, 500-21,400 


60.3 


Total 


62.1* 
73.0t 
6.5t 


OO.O§ 


* Avg of total plants (59 


t Maximum of total plants 
+t Median of total plants 


§$ Minimum of total plants 


3 
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50 
40 
30 31.6 
20 rt 
18.0 
148 

10 

9.9 90 
85 
= 
i. 
Per Cent of Design 
Design Flow BOD 
15 | 20.3-103.7 | 39.6 87.1 
ee 7 | 16.8-105.0 | 57.3 91.6 69.4 : 
“8 6 | 31.2-131.5 | 79.7 88.1 62.7 ; 
ea 5 | 28.3-115.3 | 69.6 89.2 76.2 
3. | 66.3-128.6 91.8 94.7 83.2 
$ | 38.7-152.0 | 81.7 74.9 16.5 
- 
 20.0-145.6 78.0 94.0 65.9 
2 | 24.4- 38.8 | 31.6 75.5 13.1 
59 50 
87.0" 

Q] Gt 
99.3t 
33.3§ ¥ 
: 


Vol. 33, No. 12 
were 99.3 and 33.3 per cent, 
tively. The suspended solids removals 
averaged 62.2 per cent, with a median 
of 75.2 per cent. A maximum daily 
suspended solids removal of 96.5 per 
cent was reported by one plant, whereas 
in six plants the suspended solids con- 
tent of the effluent 
ally the same as the raw sewage or 
increased to a concentration higher 
than the raw sewage. 


respec- 


remained essenti- 


Costs 


Data on initial estimated construe- 
tion costs were obtained for 47 plants. 
Cost values were adjusted to June 
1960 on the basis of the construction 
index (2). The estimated con- 
struction varied from $0.54 to 
$4.31 per gallon of design capacity. 
The design capacity varied from 3,000 
to 250,000 gpd. Final construction 
cost data were obtained for 13 plants 
with design flows less than 40,000 gpd. 
The construction ranged from 
$1.05 to $2.77 per gallon of daily de- 
sign flow. 

There are indications that the cost 
for plants in the range of 40,000- to 
90,000-gpd design flow will approxi- 
mate $1.00 per gallon. Larger plants 
will probably show decreasing unit 
costs per gallon with increased design 
flow. 

The average plant re- 
ported for 14 extended aeration plants, 
excluding lift stations, approximated 
$1,410 per year. Power costs in terms 
of a unit volume of flow indicated aver- 
age and median costs of $111.20 and 
$104.10, respectively, for each million 
gallons of actual waste treated. 


cost 


cost 


cost 


power cost 


Maintenance Time 


The average amount of operation 
and maintenance attention given small 
extended aeration plants is 12.7 man- 
hr per week, based on information from 
52 plants. The time range for these 
plants was 1 to 47 man-hr per week. 
The figures support the general impres- 
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sion obtained from operators that these 
plants need daily attention of one or 
two hours plus additional time for over- 
hauling and replacement of equipment. 
Because of inadequate attention ap- 
proximately 10 per cent of the plants 
visited were by-passing raw sewage and 
others obviously were performing 
poorly. 


Plant Location 


Reported data indicate the variabil- 
ity of plant location. Properly de- 
signed and operated extended aeration 
plants have been constructed in close 
proximity to inhabited areas without 
noticeable odor nuisance. One such 
plant was built with the side walls com- 
pletely above ground level and located 
in a large parking lot serving a shop- 
ping center. Another plant located 
near a swimming pool at a luxurious 
motel was landscaped from view and 
caused no noticeable odor. Conversely, 
the prevalence of objectionable odors 
from a plant constructed in the base- 
ment of a building indicates that sew- 
age treatment plants should be located 
in areas outside of inhabited buildings. 


Design Requirements 


Fourteen states reported design re- 
quirements or recommendations on the 
aeration unit. Most states specified 24 
hr aeration time based on total daily 
flow. One state requires 30 hr aeration 
time. 

Fourteen states reported design re- 
quirements on the settling tank. A de- 
tention time of four hours based on 
average daily flow was most frequently 
mentioned. Runoff periods of 8, 12, 16, 
and 24 hr, depending on the type of 
facility served, are used in some states 
to determine settling tank capacity. 

Eleven states reported that sludge 
holding tanks were required or re- 
quested in the plant design. The tank 
design eapacity ranged from 2 to 8 eu 
ft per capita. Consideration of a 
sludge holding tank in plant design is 
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very pertinent. Some states insist that 
sludge holding capacity is essential; 
The 


evaluate the 


whereas, others do not, present 


study cannot properly 
role that sludge holding tanks play in 
over-all treatment, but the specific in- 
formation thus far obtained from state 
health departments and from special 
studies on particular types of extended 
aeration plants is worthy of note. 
The Ohio Department of Health rec- 
ommends sludge holding tanks in those 
plants where aeration is by diffused air 
from blowers, and they are required 
when mechanical 
The State of Kentucky requires sludge 
than 
25,000 gpd; whereas, Indiana requires 
greater than 100,000 
Wisconsin requires sludge hold- 
plants, and Illinois 


shall be 


or desirable. 


aerators are used. 


storage where flows are greater 
it where flows are 
epd. 
ing tanks in all 
specifies that 


where 


used 
Seven 


storage 
necessary 
states are guided by Ohio design eri- 
teria for extended aeration plants and 
presumably Ohio 
ments on sludge The remain- 


adhere to 

hold ng. 
ing states did not express any views 
on the subject. A 
an exceptionally Ligh 


require- 


report (3) states: 
degree of 
treatment in terms of suspended solids 
tank 
should be incorporated in the design.’’ 

Of the 53 plants visited, 32 
equipped with holding tanks. 
In order to produce consistently good 
BOD and suspended solids 
wasting of sludge from the 
Where the carry-over 
of partially oxidized solids in the plant 
effluent to the 
permissible, a sludge holding tank may 


is required, a sludge holding 
were 


sludge 


removal, 
system ap- 


pears necessary. 
receiving watercourse is 
Some states regard 


not be necessary 


stabilization sand filters as 


sufficient control to prevent excess sol- 


ponds or 


ids from reaching a watercourse. Of 


73 plants that 


reported on the type 
receiving stream, 23 were discharging 
to dry ditches and 50 to all-weather 
watercourses. 

the 
the sludge trucked 


Some control is desirable over 


ultimate disposal of 
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from the plant. 


tion is 


The perpetual ques- 
where to put. it. In Dade 
Florida, a plant 
to handle this type 


County, commercial 


Was constructed 
sludge and materials from septie tanks 
or other sewage treatment installations. 
The sludge additional 
seven days’ digestion under anaerobic 


was given an 
conditions, following which it was de- 
watered on sand beds. This concept of 
a special plant for handling of sludge 
is one solution to the sludge disposal 
problem for a group of small sewage 
treatment plants. 


Loadings and Operation 


The extended aeration sewage treat- 
ment plant can 
over a considerable range of loadings 


be used successfully 


and flows. As with any treatment proc- 
extreme 
capacities will 


above design 
treatment effi- 
The extended aeration plant 
can be designed to provide high BOD 


variations 
reduce 


ciencies. 


removal if adequate operation and 
maintenance are assured. 
This study did not concern itself 


with the use of these plants in the 
treatment of wastes other than sewage. 
However, several plant operators and 
state representatives indicated that op- 
erating difficulties expected 
with plants receiving a significant pro- 
portion of laundry or restaurant 
wastes. They recommend that sewage 
serving 


might be 


plants shopping centers or 
heavily developed commercial areas be 
protected by requiring grocery stores 
and similar establishments to dispose 
of vegetable wastes by garbage collec- 
tion rather than by discharge to the 
sanitary sewer. 

One of the characteristics of the ex- 
tended treatment 
discharge of the end products of 
aerobie digestion, other than gases, by 
way of the effluent. These materials 
are frequently detected by increases in 


aeration process is 


volatile and suspended solids in the 
effluent even though the 5-day BOD 
may be low. 
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Summary 


A summary of state requirements in- 
dicates the majority of the states re- 
quire the ownership and the responsi- 
bility for operation and maintenance 
of sewage treatment plants be placed 
in an official body or legal entity, such 
as sewer districts, municipalities, and 
tax supported agencies. Private trusts, 
companies, or corporations may satisfy 
the ‘‘official body’’ requirement when 
licensed by the state utilities commis- 
In an effort to insure efficient and 
reliable operation of such facilities, one 
state (Florida) requires the manufac- 
turers to post a performance bond; and 
another state (Texas) limits approval 
to plants that have local personnel and 
other resources necessary to supply op- 
eration and maintenance services. 


sion. 


The rapid growth of small sewage 
treatment plants is placing an enor- 
mous burden on regulatory agencies. 
To ensure full-time, effective operation 
there should be frequent routine in- 
spection of all small plants. The 1,22 
extended aeration plants and many 
other conventional small plants, im- 
poses a tremendous field inspection 
load. Continuous good operation of 
waste treatment plants is a major fac- 
tor in the reduction of the pollution 
load on the U. S. stream network. 


Conclusions 


1. The data on extended aeration 
plants collected during this study are 
insufficient in both extent and detail 
to adequately evaluate the factors con- 
trolling construction and operational 
costs, design criteria, and those affect- 
ing the performance of such plants. 


llowever, certain trends in current 
practice can be detected. 
2. Extended aeration plants for 


treatment of sewage are receiving wide 
both permanent and tem- 
porary installations. 


usage for 
These plants can 
be designed and operated to produce 


high BOD removal efficiencies. 
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3. One of 


the outstanding opera- 
tional features of extended aeration 
plants in the absence of noticeable 
odors. 


4. Wide differences of opinion exist 
concerning the need for sludge wasting 


facilities and the attendant sludge 
handling and disposal problems. It is 


generally recognized that withdrawal 
of activated sludge will enhance efflu- 
ent quality ; therefore, the necessity for 
such facilities will be governed by the 
quality of effluent required for the par- 
ticular receiving stream. 

+. There is a paucity of data con- 
cerning the fate of the aerobically di- 
gested sludge as well as the significance 
of the relationship between the BOD, 
suspended and volatile solids in plant 
effluents, and their effect on the re- 
ceiving stream. 

6. Operating difficulties might be ex- 
pected with plants receiving a 
nificant proportion of laundry, 
taurant, or supermarket wastes. Sevy- 
eral states recommended that grocery 
stores and similar establishments be re- 
quired to dispose of raw 


sig- 


res- 


vegetable 


wastes by garbage collection rather 
than by discharge to the sanitary 


sewer, 

7. Each plant should be designed 
so as to incorporate basic devices such 
as a flume and stilling well in which 
flow measurement equipment can be in- 
stalled. In relatively large plants 
permanent flow measurement devices 
and totalizing instruments should be 
part of the design features. Absence 
of an electric meter in most 
plants impaired the study of operation 
costs. 


power 


8. There is a wide range of opinion 
concerning the minimum time 
sary for the operator to spend at the 
plant to provide proper operation and 
maintenance. 


neces- 


There are certain house- 
keeping chores that require attendance 
on a daily basis. It appears that one 
hour per day for routine work is the 
absolute minimum to secure reasonable 
results in the smaller plants. Addi- 
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tional time will be necessary for plant — offices, by securing data and informa- 


breakdowns or emergencies. Larger tion in the 50 states, is gratefully ac- 


plants require more time. knowledged. 

9, While it is realized that firm de- Also recognized is the help obtained 
sign criteria are not well established; from manufacturers, local health per- 
this process, as any other sewage treat- sonnel, and plant operators in provid- 


ment process, requires the application jing information. 
of the principles of engineering evalua- 
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LONDON MEETING PLANS PROGRESSING 


Plans for the International Conference on Water Pollution Research 
to be held in London next September 3-7 are progressing on schedule. 
The Federation as the principal sponsor is happy to. report that 
financial support from the Division of Water Supply and Pollution Con- 
trol of the Public Health Service in the form of a research grant now 
has been given. 
The program is complete and will be reported in the January 
JoURNAL. Abstracts of the papers will appear in the March JourNAL. 
Attractive charter flight arrangements are essentially assured. Fur- 
ther information will be mailed soon to those who already have indicated : 
interest. If you wish to attend the meeting and have not been in touch 
with the travel committee you are urged to make inquiry immediately 
to learn whether charter space is still available. Contact Thomas P. 
Quirk, Malcolm Pirnie Engineers, 25 W. 43rd St., New York 36; or the 
Federation office. 
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THE THERMAL POLLUTION PROBLEM 


Richard D. Hoak 


The possibility that stream tempera- 
tures may have to be controlled by 
regulating the discharge of heated 
wastewater has excited a fair amount 
of discussion in recent years, especially 
among aquatic biologists. |Tempera- 
ture is a very important factor in the 
aquatie environment because, per se, it 
can determine the species that will 
live and reproduce in a given body of 
water. In addition, it governs a num- 
ber of interdependent factors that af- 
fect aquatic organisms, such as the 
concentrations of dissolved oxygen, 
carbon dioxide, pH, toxicity, and the 
physical activity of fish. Thus, in 
streams where fish propagation is a 
significant consideration, the effects of 
discharging hot water cannot be neg- 
lected. 

The proponents of stream-tempera- 
ture regulation aver that conservation 
of fish habitats would be only one of 
the desirable results. They argue that 
there would also be large benefits to 
industry and public water supplies. 
Inasmuch as some 80 per cent of the 
industrial intake of water is used for 
cooling, it would seem plausible to 
that cooler raw water would 
confer a real benefit. In actual fact, 
however, the various factors 
that influence suecessful manufactur- 
ing, cool water occupies a minor place 
aud industry does not object to using 
warmer water than it would prefer. 
Industry resorts to well water or re- 


assume 


among 


Richard D. Hoak is a Senior Fellow, Mellon 
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The paper presented at the Annual 
Meeting of the Pennsylvania Water Pollution 
Control Association in University Park, Pa., 
Aug. 10-12, 1960. Certain data have been 
added to the original paper as a result of 
later developments. 
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frigeration where water must be cooler 
than the raw supply. In municipal 
water treatment plants, the lower the 
temperature of the water entering the 
plant, the more difficult the treatment 
becomes, and for each 10°F rise in 
water temperature the cost of chemi- 
cals is lowered by 30 to 50 cents per 
million gallons treated. On the other 
hand, warm water may promote the 
growth of algae that cause taste and 
odor in the finished water. The good 
and bad features of cool water for 
domestic supply are therefore in ap- 
proximate balance. For these reasons, 
this discussion of temperature control 
will be limited to effects on fishing. 


Recreation Increase 


The recreation industry has been 
expanding rapidly, in step with an in- 
creasing standard of living which is 
providing more and more leisure for 
the enjoyment of outdoor activities. 
And those who seek relief from the 
stress of modern living have found 
that the therapeutic value of fishing 
ean hardly be overestimated. The ex- 
tent to which people are turning to 
fishing for recreation is revealed in a 
report to the Senate Select Committee 
on National Water Resources (1). 
Data for 1954, and projections for 
1980 and 2000, are given for the na- 
tion in Table I. 

The figures in Table I are impres- 


TABLE I.—Estimates of Recreational Fishing 


No. of Man-Days Expendi- 
Year Fishermen of Fishing ture 

(1,000) (1,000) ($1,000) 
1954 20,815 397,447 1,014,292 
1980 16,518 930,379 | 4,481,144 
2000 62,613 1,299,102 | 6,257,087 
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TABLE II.--Value of an Acre-Foot of Water 
\lean Maximum 
Domestic 100.19 235.66 
Industrial 10.73 163.35 
Irrigation 1.67 27.04 
Hydropower 0.71 5.00 
Waste disposal 0.63 2 56 
Inland navigation 0.05 
Commercial fisheries 0.025 1.06 


sive, and they suggest the magnitude 
of the public demand being generated 
for improvement of fishing everywhere. 
The report cited (1) is almost impas- 
sioned in its recitation of the minor 
role to which fish and wildlife conser- 
vation has been relegated by flood con- 
trol, navigation, irrigation, hydro- 
power, and industry in the develop- 
ment of water resources. Fish and 
wildlife, the report states, are largely 
values of the mind, the heart, and the 
spirit—values not readily measurable 
in dollar terms. The report complains 
that there are people who would di 
vide all water resources among those 
who can best use them for profit in 
industry and agriculture. 


Mutual Exclusiveness of Water Uses 


In any locality there are normally 
several competing uses for surface wa- 
ter, and these are sometimes mutually 
exclusive. There is universal agree- 
ment that the highest priority of wa- 
ter use is for the public water supply. 
Among the other uses, however, there 
can be no agreement on priorities in 
any broad sense because of the relative 
inportance of the several water uses 
between different areas with varied 
local interests. The industrial economy 
of the United States has created a 
standard of living that allows its citi- 
zens great freedom to enjoy the varied 
pleasures of outdoor recreation. But 
this does not necessarily mean that all 
streams must afford recreational op- 
portunities. A major virtue of fishing 


the fact that it takes the participant 


as a strain-relieving activity lies in 
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away from the bustle of the city and 
the sight of industrial plants. Many 
fishermen in the East are strangely 
unhappy if they must drive more than 
a few miles to wet a line and eatch 
a fish. In western Texas, a semi-arid 
region, people do not mind hauling 
their outboards 200 or 300 miles for 
a day’s sport on the water. 


Valuation of Water Uses 


One legitimate function of streams 
is to carry off wastewater to the extent 
that it does not unreasonably impair 
other stream uses. Practically every 
use of water impairs its value for 
other purposes to some degree, and 
there are frequent disputes over the 
reasonableness of the impairment. 
These disputes are difficult to resolve 
because there is rarely a quantitative 
basis for comparing the value of sev- 
eral uses in terms of the broad public 
interest. Renshaw (2) attempted to 
compare a number of uses by com- 
puting “*... the maximum amount 
people would be willing to pay for the 
use of water in any amount or direc- 
tion rather than forego the amount 
or use entirely.”’ His figures are 
given in Table II. 

The figures in Table I] are gross 
values which include the various costs 
incident to the preparation and de- 
livery of water. It shows that domestic 
and industrial uses are by far the most 
valuable, and that there is a large 
dollar-gap between these and the others 
for which values were caleulated. It 
is interesting to see where sport fish- 
ing might rank in this kind of mone- 
tary evaluation. The Fish and Wild- 
life Service has estimated (1) the 
present (1954) and future water re- 
quirements for sport fishing, in terms 
of acre-feet of water. By dividing 
these estimated requirements into the 
projected expenditures of Table I, it 
appears that the fishing-sports value 
of an acre-foot of water approximates 
$21.50, $23.13, and $24.68 for 1954, 


1980, and 2000, respectively. Although 
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fishing enthusiasts claim that it is im- 
proper to place a dollar-value on their 
sport, it is obvious that they are will- 
ing to spend substantial sums to en- 


gage in it. 


Proposed Temperature Regulations 

There are many activities of man- 
kind that have both immediate and 
long-term effects on fishing, but this 
paper is concerned primarily with the 
consequences of discharging heated 
wastewater. A few streams that drain 
heavily industrialized areas have tem- 
peratures that are normally higher 
than desirable; such streams rarely 
support any fish life. Elsewhere, fish 
kills have resulted from the sudden 
discharge of a quantity of hot water. 
In general, however, those who would 
control stream temperatures are con- 
cerned chiefly about the effects of an 
anticipated steady increase in thermal 
loads. The steam-eleetric power in- 
dustry is often cited to illustrate the 
prospective danger of thermal loading 
because the installed capacity of that 
industry tends to double every decade. 

Several states have regulations which 
directly or indirectly cover tempera- 
ture control but these rules are limited 
in scope. Looking to the future, the 
Pennsylvania Department of Health 
proposed a set of specific regulations 
to govern the discharge of heated 
wastewater. These regulations were 
advanced to furnish a basis for discus- 
sions that would lead to practical tem- 
perature controls. The proposals 
were: 


1. Heated discharges to the waters of 
the Commonwealth shall at no time or at 
any place raise the temperature of such 
waters above 93° Fahrenheit during the 
months of May through November, or 
above 73° Fahrenheit during the months 
of December through April, nor shall the 
temperature be raised at all in streams 
suitable for trout propagation. 

2. The inereased heat content caused by 
an industrial or other process in liquid 
discharges shall be reduced by at least 
35% for streams requiring “primary” 
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treatment; by an intermediate degree, to 
be determined by the circumstances in each 
case, for streams requiring “intermedi- 
ate” treatment; and by at least 85% for 
streams requiring “complete” treatment— 
except that in no case shall the tempera- 
ture of any discharge be required to be 
reduced below the average temperature of 
the receiving stream above such discharge. 

3. In order to allow fish and other 
aquatic life to move freely both up and 
down stream, a fishway shall be constantly 
maintained in any stream receiving heated 
discharges, within which the temperature 
of the water shall not be raised. The aver- 
age width of this stretch shall be not less 
than 144 that of the average width of the 
stream in the affected zone, and the flow 
shall be not less than 14 that of the re- 
ceiving stream just above the point of 
waste discharge. Moreover, this stretch 
shall extend from above the point of waste 
discharge to the location at which the 
stream returns to normal temperatures. 

4. Exception to the foregoing may be 
made for estuarial waters, where currents 
are variable and uncertain. 

5. The proportion of the stream which 
will be allocated to any given user shall 
be determined by the Sanitary Water 
Board based on the present and antici- 
pated future use and condition of that 
stream or receiving body of water. 

These proposed regulations, which 
were intended for uniform application 
on a statewide basis, encountered con- 
siderable criticism, especially from in- 
dustry. An Advisory Committee on 
Stream Temperature Control was 
therefore appointed to study the ef- 
fects of heated wastewater discharges, 
and to recommend whatever regula- 
tions the investigation indicated to be 
appropriate. The members of the 
committee represented the various 
interests concerned with temperature 
regulation, but there were no repre- 
sentatives from the legal profession 
nor from the Pennsylvania Depart- 
ment of Commerce. G. E. Arnold, 
Chairman, appointed subcommittees 
from time to time to study particular 
aspects of the problem, and the Com- 
mittee met with staff members of the 
Division of Sanitary Engineering 
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about once a month from September 
1959 to April 1961 to discuss its find- 
ings. The Committee presented its 
report to the Sanitary Water Board 
in May 1961 and the substance of its 
recommendations was adopted officially 
in August 1961. The following dis- 
cussion represents the author's inter- 
pretation of the Committee’s studies; 
it is not a Committee report 


Are Proposed Maximum Limits 
Valid? 


The 93°F limitation was proposed 
by the Aquatic Life Advisory Com- 
mittee of the Ohio River Valley Wa- 
ter Sanitation Commission. It was se- 
lected from a review of the literature 
as the maximum temperature that 
would support a harvestable fish crop. 
It may be doubted that the public 
interest would be properly served by 
a regulation aimed at providing a 
harvestable fish crop in all streams. 
But aside from the question of eco- 
nomics, there is evidence that 93°F 
is an unrealistically low temperature 
for warm-water species. A research 
project (3) on the Delaware River 
has shown that the maximum lethal 
temperature for most warm-water fish 
may be 104°F. In fact, small-mouth 
bass struck at lures cast into 104°F- 
lagoon water. Aquatie biologists ad- 
mit that this may be true under eer- 
tain conditions, but they claim that 
fish do not propagate at temperatures 
above 80°F. On the other hand, where 
condenser cooling water has been dis- 
charged into lagoons and shallow lakes 
in southern states for many years, no 
diminution in the fish population has 
been observed, even though tempera- 
tures range up to 97°F. 

Aquatie biologists claim that a sud- 
den rise in water temperature is 
quickly lethal to fish; a temperature 
rise of 10°F in 10 min is said to be 
the maximum change that can be tol- 
erated. A California study (4) re- 
ported that yearling salmon (1.3 to 
2.4 in.) could be taken from a holding 
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tank at 55°F and dropped into flume 
water at 80°F without loss of life, 
and that the maximum temperature 
tolerance was 83°F. The same species 
could pass through power plant con- 
denser cooling coils without ill effect. 
This point has been raised because it 
has been claimed that slugs of hot 
water may kill fish. Slugs of hot 
water are not ordinarily discharged 
by industrial plants; changes in op- 
erating rates normally occur gradu- 
ally, and there is a corresponding slow 
change in the temperature of the 
wastewater. 

An unexpected result from tempera- 
ture surveys has been the finding that 
fishermen like warm-water discharges. 
The area below the Martin’s Creek 
power plant on the Delaware River 
has become a wintertime fishermen’s 
paradise. Trembley (3) reported that 
he and an associate caught 100 fish in 
one hour during a blinding snowstorm 
in February. The same approval of 
fishermen is found in the southern 
states where warm water greatly im- 
proves winter fishing. Chance reports 
5) that fish tend to eoneentrate in 
warm waters in winter and spring. 
He states that these waters may serve 
usefully as refuges for easily winter- 
killed fish such as the threadfin shad. 
There is an indication that some spe- 
cies spawned earlier in the warmer 
water (10°F warmer) than in the lake 
proper. Little difference was noted in 
plankton production inside and out- 
side the warm-water area. 

Limiting values for factors harmful 
to fish are usually determined under 
carefully controlled laboratory condi- 
tions that may bear no relationship 
to natura! environments. But so many 
variables are encountered in natural 
streams that laboratory techniques 
must be used to provide suitable con- 
ditions for deriving limits with some 
approximation to universality. These 
methods are valid as long as it is 
recognized that the values are not ab- 
solute and that aquatic biology is 
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not an exact science. 


Conclusions must 
be based on statistical analysis of data 
and must be qualified by an appropri- 
ate confidence interval. The final test 
of any limiting value must be its ef- 
fectiveness in maintaining a desired 
condition in a particular natural en- 
vironment. 

The Advisory Committee on Stream 
Temperature Control agreed to accept 
the 93°F limitation of the Aquatic 
Life Advisory Committee because it 
was based on expert judgment, and 
insufficient field data were available to 
support a different fiigure. The Ad- 
visory Committee pointed out, how- 
ever, that it would be necessary to 
prescribe a mixing zone beyond which 
the 93°F limit would apply. This 
arose from the consideration that dis- 
charge of a minute stream of water 
above the temperature limit would con- 
stitute technical violation of a regu- 
lation that did not specify the point 
at which the temperature was to be 
measured. Thus it seemed obvious 
that provision would have to be made 
for discharges that would affect only 
a portion of a body of water and for 
a relatively short time. The variety 
that would have to be 
covered by a broad definition of mix- 
ing zones led the Committee to reject 
as impractical all the definitions it 
considered. Instead, it recommended 
that the Sanitary Water Board pre- 
scribe the boundaries of mixing zones 
where they are warranted by cireum- 


of situations 


stances. The Committee proposed, 
however, that heat artificially added 
to streams be limited to an amount 
that could not raise the total stream 


flow above 93°F, assuming perfect mix- 
ing at the point of discharge. This 
would permit calculation of the maxi- 
mum allowable temperature of a dis- 
charge in terms of its volume and the 
stream flow rate. 


Dissolved Oxygen and Temperature 


Dissolved oxygen concentration is a 
feature 


of the aquatic environment 
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that is affected both directly and in- 
directly by water temperature. The 
equilibrium concentration of dissolved 
oxygen is inversely proportional to 
temperature, and temperature influ- 
ences the rate of biochemical reactions 
that consume oxygen. Dissolved oxy- 
gen is vital to aquatic fauna, and biolo- 
gists are understandably concerned over 
any adverse effects that temperature 
might exert on the fish available in 
streams. Oxygen is only slightly 
soluble in water; the saturation con- 
centration ranges from 10.15 mg/I at 
59°F to 7.1 mg/l at 95°F.  Fortu- 
nately, the rate of reaeration of water 
is directly proportional to the oxygen 
deficit ; thus as the rate of consumption 
of oxygen increases, so does the rate 
at which oxygen dissolves from the 
atmosphere. LeBosquet and Tsivoglou 
(6) have reported that the rates of 
deoxygenation and _ reaeration are 
about equally affected by temperature, 
and that the maximum oxygen deficit 
should be substantially unchanged over 
a fairly wide temperature range. 
Also, it has been assumed that the 
rate of biochemical oxidation increases 
with temperature, but Gotaas (7) has 
shown that the temperature coefficient 
of this reaction decreases as the tem- 
perature rises. His studies indicate 
that the rate of the reaction reaches 
a maximum at about 86°F, and that 
the rate actually declines at tempera- 
tures above this. 


Diurnal Changes in Dissolved 
Oxygen 


Aquatie biologists correctly main- 
tain that average values for dissolved 
oxygen have little meaning for specifi- 
cation of conditions suitable for fish 
propagation; it is the minimum con- 
centration that is harmful. It has been 
assumed that the concentration of dis- 
solved oxygen in streams carrying a 
substantial load of organic matter will 
fall below the danger level for fish 
life at night, because no oxygen is 
furnished by photosynthesis, and 
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TABLE III. -Diurnal Variation in 
Dissolved Oxygen 


Location 


MonongahelaR 
Peters Ck 
Allecheny R, 
Clarion R. 

Ohio R 

Little Beaver Ck 


aquatie plants that produce oxygen in 
daylight consume it in darkness. Data 
24-hr made 
in June and July 1960, have provided 
this 
were 


from a series of SULVeYS, 


some quantitative information on 
Three 


for comparison of 


locat ions 


question (& 
chosen conditions 
small streams: 
Peters Creek 
River and 
and Ohio 
Creek at 
Samples were collected 


large and 
Monongahela 
at Clairton; 
Clarion River at 
River and Little 
Smiths Ferry. 


between 
River and 
Allegheny 
’oxbure ; 
Beaver 
at each pair of stations every two 
hours, beginning in mid-afternoon, and 
analyzed by the Rideal-Stewart 
fication of the Winkler Method 
ses were made it 
on the sites. 
in Table IIT. 
The pollutional 
streams is 


modi- 
Analy- 
a mobile laboratory 
Ranges of data are given 
loading of these 
supposed to 
moderate to heavy 
concentrations, however, were 


range from 
Dissolved oxygen 
found to 
be appreciably higher than might have 
been anticipated under such conditions. 
The lowest concentrations occurred at 
night, but it be seen that they 
were all well above the 5 mie 


essential for fish propagation 


| deemed 
The 


daylight 


rise 
in dissolved during 
highest 


tures occurred during those 


oxygen 
hours is notable; the tempera- 
periods. 

Similar results 
48-hr surveys on the 
River in August 1960, and March and 
April 1961. The river was about 700 
ft wide and several feet deep at the 
midstream sampling point. 
tion was 


were found in a se- 


ries of Beaver 


The loea- 
chosen to 


bio- 
logically stable stream of medium size: 


represent a 


the nearest point at which a substantial 


WPCF December 


1961 


volume of organic material dis- 
value of 5.2, all DO 
concentrations ranged from 7.7 to 13.1 
to 160-per 
cent of saturation at the sampling tem- 
perature. In both 
was that 


DO in 


charged was 27 miles upstream. 
cept for a single 


mg/l, corresponding to 60 


sets of surveys it 
least 
weather as in 


notable there was at 
as much 


cold, 


These surveys have shown DO con- 


centrations do not necessarily fall to 
low values at night in moderately pol- 
luted There 


tion values 


streams. 
that low 
were 


is no implica- 
never occur but 
range of 
The 
actual DO 
instead of 
relying on assumptions, is clearly sug- 


over the 
conditions covered in the surveys 
desirability of 
data 


none found 


collect ing 
(especially at night 


gested by this work. 


Cooperative Temperature Surveys 


The objective of the Advisory Com- 
mittee 
that 
interest. 


was to recommend reeulations 


would serve the over-all public 


In discussing the format of 
such regulations it became 
that available 


fects of 


apparent 
information on the ef- 
heated 
ter was too limited to permit drafting 


discharging wastewa- 
regulations on a quantitative basis. It 
was therefore decided that tempera- 
ture surveys would have to be made to 
provide data on the 
affected by 
the rate of 


volume of 
heated 
dissipation of 


stream 
water Wastewater ; 
thermal 
loads ; the possibility of using cool sub- 
surface water for fishways; and any 


tendency for a cumuiative effect of 
heated water in 
A number of 


make temperature 


the streams. 

companies agreed to 
surveys during the 
1960. The 
was undertaken by 
a joint committee of steel and steam- 


summer and fall of 
these 


most 
extensive of 
electric power, companies in western 
Pennsylvania to cover about 100 miles 
of the Allegheny, 
Ohio rivers. A 
by project 


Monongahela, and 


preliminary survey 
personnel disclosed 18 lo- 
cations at which wastewater discharges 


| 
272 
he 
DO 
] 
| sa 
71.6-77.9 | 7.35-— 8.25 | 84.5-— 98.5 
H0.8—-69.8 7.10— 8.80 | 73.7- 97.0 
70.7-79.7 7.00— 8.55 79.8-105.0 
67.1-74.3  7.00— 8.65 78.0— 98.0 
79.7-81.5 | 7.10-— 8.90 87.0-111.1 
67.1-74.3 6.90-11.85  77.5-128.0 
\ 
if 
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70}+— 
100 
August 3 
a 
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it 
40 35 30 25 20 15 10 5 O 12 
Monongehela River, Miles Ohio River 
FIGURE 1.—Downstream temperatures. 
caused appreciable rises in river tem-_ first upstream point or until another 
peratures. Temperatures were meas-_ rise was encountered. 
ured by trailing a sensitive thermistor 
20 ft behind a motorboat running 40 Analysis of Survey Data 
to 100 ft from shore. Both banks of Some difficulty was encountered in 
the three rivers were covered in the arraying the survey data in a form 
preliminary from which valid conclusions could 
Nine survey teams were designated, pe drawn. Isotherms varied so greatly 
each to cover two locations. All teams from Joeation to location that any 
i made their surveys on the same day, method of averaging the data would 
ordinarily the first Wednesday in the faye been misleading at best. Inas- 
month, July through October, to elimi- yeh as temperature maxima were a 
nate the effects of variations in weather primary consideration, the highest 
as much as possible. Temperatures temperature recorded at each survey 
were measured with identical  cali- point was plotted against river miles. 
brated indicating-thermistor instru-— ‘This technique afforded the most con- 
. ments. The measurements were made geryative interpretation of the data. 
by suspending the thermistor from @ fata for the Monongahela River are 
boom projecting over tie Sa Fe plotted in Figure 1 to illustrate the 
motorboat. The boat crossed the river findings of the survey. Similar plots 
at a constant speed on a line perpen- — were made for the Allegheny and Ohio 
dicular to the shore, with the therm- — yivers but these are not included here 
istor successively submerged at depths peeayse of the limited number of sur- 
¢ of 1, 5, 10, 15, and 20 ft. This pro- yey points and the fact that the maxi- 
cedure yielded data for plotting verti- mum temperature found was SS KF. 
cal isotherms. Cross sections were The Monongahela data show that 
made upstream from a heated dis- there is a fairly rapid fall in stream 
charge and at intervals downstream temperature below a heated discharge, 
until the temperature had fallen to a but that the heat added at one point 
value close to that recorded at the was not always fully dissipated be- 


a 
i 
J 
it 
5, 
| 
hag 
© 


fore another rise in 
curred. 
that heated wastewater tends to raise 
The 


temperature Oc- 
The statement has been made 


river temperatures permanently. 
survey shows that this true 
for the three rivers studied. On the 
right margin of the Monongahela chart 
is plotted the temperature of the Ohio 
in the back channel at Island 
(Mile 2.2 This channel consists en- 
tirely of Monongahela This 
temperature was one to two degrees be- 


Was hot 


Brunot 


water 


low that at Mile 40 in three of the 
four surveys; in one survey (Sept 
7) it was three degrees higher. In 


the latter case the day began cool and 


foggy 


(7 AM), with an air temperature 
of 


As the survey proceeded it 


became clear (8:95 AM) and warm 
(10:35 am) and when the last run 
was made (1:05 pm) the air tempera 
ture was 78°F. This undoubtedly had 


the effect of raising the river tempera- 


ture. During the preliminary survey 
in May 1960, it was found that the 
normal rise in river temperature 


ranged from two to four degrees from 
morning to afternoon, depending on 
the weather. Thus it 
that all the heat load added artificially 
this 


be assumed 


was completely dissipated from 


river during each of the survey pe- 
riods. 

This analysis indicated that the 
rivers studied had, as a whole, ample 


capacity for dissipating all the arti- 


ficial heat added during the survey 
periods. 
In an effort to define mixing zones 


TABLE IV. 


Date 


July 20 4 
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an attempt was made to derive hori- 
zontal isotherms from the vertical pro- 
files, but it 


this was impractical. 


soon became obvious that 
In another ap- 
proach, all temperatures of 90°F or 
higher were tabulated and the temper- 
ature drop per 1,000 ft was computed 
Table IV. Only the 
Monongahela had temperatures in this 


as shown in 


range. 
There was appreciable variation in 
This 


probably resulted from differences in 


the rate of temperature decline. 


the rate of dispersion of the heated 


water and loeal weather conditions. 
The volume of river traffie would af- 
fect dispersion but there is no way 
to evaluate this factor. In general, 


the highest temperatures were close to 
the surface and near the point of dis- 
charge. There was only one instance 


where a temperature of 90°F was 
the 


areas of 90 


found more than half-way 
river. In this 
to 92°F were separated by a space of 


across 
case, two 
about 100 ft which had a temperature 
of 86°F. These 
the recommendation that the Sanitary 
Water the 
mixing zones where warranted by local 
conditions. 

One of the tentative regulations 
proposed by the Department of Health 
that 
must not be 


considerations led to 


Board fix boundaries of 


one-fourth 
affected at 
discharges, in 


stated, in substance, 
of the river 
all by heated 
provide a fishway 


order to 
The survey data 
indieated that such a regulation, if in- 
terpreted literally, would be quite im- 


Downstream Declines in Temperatures 


Distance 
Drop Between 
Mile Points 


lem op 
1,000 ft 


p. dr 


ft 


1,742 1.0 


i 

27 
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24.87 87 24.54 7 

ii, 20 92 19.6 84 19.2 8 2,112 3.8 

20 92 8.9 83 8.6 1,584 5.7 

% 20 L5 83 Ss 7.0092 1.1 

Pei. Aug. 3 92 24.87 87 24.54 5 1,742 2.9 

Bees 3 O4 19.6 87.5 19.2 8.5 2,112 1.0 \ 

| 98 1.5 87 3.1 1! 7,392 1.5 

ae Sept. 7 90 24.87 86 24.08 { 1,171 1.0 : 
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practical. Heated discharges, in a_ further limited where local conditions 


majority of cases, affected the entire 
width of the river to some extent, but 
the temperature rise at the bank op- 
posite the discharge was usually only 
two or three degrees. The effect could 
be expected to be greater in turbulent 
streams. There must also be considered 
the result of heated discharges on op- 
posite points on a river; each user 
would be entitled to affect up to three- 
quarters of the river width. Heated 
discharges raised temperatures at a 
depth of only a few feet in some 
cases, but in others almost the entire 
depth was affected. The patterns of 
the isotherms varied so much that no 
general statement could be made about 
the use of subsurface water for fish- 
ways. This may be only an academie 
question, however, because some 
aquatic biologists feel that a subsur- 
face fishway would not serve the pur- 
pose. Fish kills from heated water 
alone are relatively rare and it would 
appear to be much more in the publie 
interest to require suitable measures 
for protection of fish life at locations 
where it is evident that heated water 
is having a deleterious effect. 


Pennsylvania Regulations 


The Pennsylvania Sanitary Water 
Board aceepted the report of its Ad- 
visory Committee on Control of Stream 
Temperatures in May, drafted a set of 
regulations in July, and jreleased the 
regulations for publication in August 
1960. The regulations are as follows. 


1. The temperature of the waters of the 
Commonwealth shall not be inereased 
artificially by amounts that shall be inimi- 
cal or injurious to the publie health or to 
animal or aquatie life or prevent the use 
of water for domestic, industrial or recre- 
ational purposes. 

2. The heat content of discharges shall 
be limited to an amount that could not 
raise the temperature of the entire stream 
at the point of discharge above 93°F as- 
suming complete mixing. The heat con- 


tent of discharges may be increased or 


would be benefited thereby. 

3. Where downstream circumstances 
warrant, the area in which the temperature 
may be artificially raised above 93°F will 
be prescribed. 

4. A fishway will be required in streams 
receiving heated discharges where this is 
essential for the preservation of migratory 
pathways of game fish, or for the preserva- 
tion of important aquatie life. 

5. Paragraphs 2 and 3 do not apply to 
streams so impregnated with acid mine 
drainage that they cannot support a fish 
population typical of the region except 
for heated discharges which adversely af- 
fect domestic or industrial uses or see- 
ondary streams. 

6. There shall be no new discharge to 
waters providing a suitable environment 
for trout if as a result the temperature of 
the receiving stream exceeds 58°F or stream 
temperature, whichever is higher. 

7. Reduction of the heat content of dis- 
charges to estuarial waters will be required 
where necessary to protect the publie in- 
terest. Estuarial waters are those contain- 
ing ocean salts. Tidal waters not contain- 
ing ocean salts are considered as fresh 
water streams. 

Except for minor modifications, the 
above regulations are in conformance 
with the recommendations of the Ad- 
visory Committee. This exercise in co- 
operation between a regulatory agency 
and a representative group of tech- 
nieally trained individuals furnishes 
an example of a procedure that ought 
to be adopted more often in resolving 
difficult problems in pollution control. 
The fact that the deliberations covered 
a period of 20 months provides ample 
evidence that the final result was not 
achieved easily. Unanimous approval 
of the report by the members of the 
Advisory Committee shows that the 
time was well spent because, in the 
beginning, individual opinions were so 
Cisparate that eventual agreement ap- 
peared to be quite unlikely. The moral 
should be apparent. 
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AERATED LAGOON FOR SUBURBAN 
SEWAGE DISPOSAL 


In the midwest, oxidation ponds are 
used extensively for the treatment of 
domestic sewage from suburban areas. 
The high cost of land and a few op- 
erational problems resulting from ex- 
cessive loadings have created the need 
treatment system 
with the operational characteristies of 
the oxidation pond but with the abil- 
ity to treat more organic matter per 
unit volume. 

Research at Fayette, Missouri (1) 
on oxidation ponds has shown that the 
BOD in the treated effluent varied from 
30 to 53 meg 1 with loadings from 8 
to 120 lb BOD day /aere. 
perience indicates that effluents from 
oxidation ponds do not create major 
problems at these BOD concentrations, 
the goal for the effluent quality of the 
accelerated treatment system was the 
from conventional oxidation 
Recent studies by Weston and 
Stack (2) had indicated that a turbine 
aerator could be added to an oxidation 
pond to increase the rate of oxygen 
transfer. Their study showed that it 
3 to 4 Ib of 


for a wastewater 


Since ex- 


same as 


ponds. 


was possible to transfer 
oxygen /hr hp. 

Eckenfelder (3) 
cussed the use of aerated lagoons for 
treating They indi- 
cated that a 4-day retention, aerated 
lagoon would give 60 to 76 per cent 
BOD reduction. Later, Eckenfelder 
(4) inereased the efficiency of treat- 
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organic wastes. 
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ment to between 75 and 85 per cent 
in the summer months. It appeared 
from the limited information available 
that the aerated lagoon might offer a 
satisfactory means of increasing the 
capacity of existing oxidation ponds 
as well as providing the same degree 
of treatment in a smaller volume. 


Red Bridge Subdivision 


With the development of the Red 
Bridge Subdivision south of Kansas 
City, Missouri, the developer was faced 
with the problem of providing ade- 
quate sewage disposal. The sewerage 
system from Kansas City was not ex- 
pected to serve the Red Bridge area 
for several years. This necessitated 
the construction of temporary sewage 
treatment facilities with an expected 
life from 5 to 15 yr. For the initial 
development an oxidation pond was 
constructed as shown in Figure 1. The 
oxidation pond has a surface area of 
4.77 acres and a depth of 4 ft. The 
pond is currently serving 1,230. per- 
In the 
summer of 1960 the oxidation pond 
became completely septic and emitted 
obnoxious odors. It was possible to 
maintain conditions in the 
pond by regular additions of sodium 
nitrate until the temperature decreased 
and the algae population changed 
from blue-green to green algae. 

The anaerobic conditions in the ex- 
isting oxidation pond necessitated 
examination of other methods for sup- 
plying additional oxygen than by so- 
dium nitrate. At the same time fur- 
ther expansion in the Red Bridge 
Subdivision required the construction 
of additional sewage treatment facili- 


sons or 260 persons per acre. 


aerobic 
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EXISTING OXIDATION 
POND 


PILOT LAGOC 


HOLMES ST. 


RED BRIOGE ROD. 
Shopping Center 


FIGURE 1.—Location map of Red Bridge Subdivision in Kansas City, 
Mo., showing existing oxidation pond and pilot aerated lagoon. 


ties. The large land areas required 
for oxidation ponds made this type of 
treatment financially unattractive to 
the developer. It was proposed that 
aerated lagoons be used to eliminate 
the problem at the existing oxidation 
ponds and to provide the necessary 
treatment for the additional develop- 
ment. 


Pilot Lagoon 


The lack of adequate data on the 
aerated lagoon system prompted the 
developer to construct an aerated la- 
goon pilot plant to determine its feasi- 
bility for treating domestic sewage. 
The pilot plant was a circular lagoon 
81 ft in diam at the surface and 65 
ft in diam at the bottom, 4 ft below 
the surface, with a volume of 121,000 


gal. The side slopes were coated with 


fiberglas matting coated with asphalt 


to prevent erosion. The pilot lagoon 
was located as shown in Figure 1 to 
serve the area just south of the ex- 
isting housing area. The major con- 
tributor was a shopping center with 
houses being added to the system as the 
subdivision developed. The pilot la- 
goon was designed to handle the wastes 
from 314 persons with a 4-day aeration 
period. Initially, the wastewater 
would be entirely from the shopping 
center with the domestic sewage from 
the houses increasing over an 18-month 
period. This operation would permit 
evaluation of the pilot plant, with a 
slowly increasing load, over a reason- 
able period of time. 

The pilot plant was equipped with 
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a 3-hp turbine aerator (Figure 2). 
The aerator had a variable-speed drive 
to permit operation through a range 
The sewage flow into the 
treatment plant was metered and con- 
tinuously recorded on 24-hr charts. 
The raw sewage was introduced di- 
rectly under the turbine aerator to 
insure maximum mixing of the raw 
sewage with the aeration tank contents. 
The effluent was collected through two 
pipes and discharged to the Blue 
River through a surface drainage 
ditch, 


of speeds. 


Analyses 


Composite samples were collected at 
weekly intervals. The long retention 
period and the complete mixing con- 
cept prevented rapid changes in either 
the mixed liquor or in the effluent. 
Weekly would) make any 
changes more readily discernible than 


samples 


daily samples. The composite samples 
were normally collected over a 6-hr 
period, but an occasional 24-hr com- 
Examination of the 
operations of the shopping center per- 


posite was made. 


| 


ai 


FIGURE 2.—Closeup of mechanical aeration equipment in the aerated lagoon. 
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mitted correlation of the 6-hr com- 
posite samples with 24-hr operations. 
The data indicated that the organic 
load during the 6-hr composites was 
essentially 50 per cent of the 24-hr 
organic load. 

Grab samples were collected from 
the existing oxidation pond to deter- 
mine its operating conditions. Efforts 
were made to take the grab samples 
at random periods so that the mass of 
data could be treated as a 6-hr com- 
posite sample. A single 24-hr com- 
posite sample indicated that the sewage 
flow pattern and characteristics were 
typical. 


Pilot Plant Operations 


The BOD of the influent to the pilot 
plant varied between 110 and 710 mg/ 
| with an average of 350 mg/l. This 
was equivalent to 240 mg/l] BOD on a 
24-hr basis. The BOD of the raw 
sewage was typical of domestie sew- 
age from a subdivision. The BOD in 
the effluent averaged 58 mg/l, a 76-per 
cent reduction over the 24-hr period. 
Examination of the data in Table I 
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TABLE I.—Organic Loading on 
Aerated Lagoon 


BOD 
Date 4 
(1960 and 
1961) 


Influent 


Oct. 


14,100 
15,100 
12,800 
14,200 
16,800 
13,100 
16,100 
14.600 
16,000 
14,800 
11,800 
24,300 
21,700 
16,200 
35,700 


19.000 
composites omitted from iverages). 
composite 
composite 
composite 


All other composites 6 h 


shows that a few samples contributed 
to raising the effluent BOD. 
riods of high effluent BOD 
during cold periods when operational 
with the 
Ice caused the 


The pe- 
occurred 
resulted. 


problems aerator 


aerator to overload, 
straining the drive belts 


of the drive belts 


The slippage 
caused the 
to slow down and reduce oxygen trans- 
fer as well as the of the 
sewage. 

The loading on the unit 
averaged 32 lb of BOD ‘day or about 
2 Ib BOD/day/1,000 eu ft aeration 
capacity. Needless to say, the organic 
load was low on a volumetric 
basis, but was 270 lb BOD/day ‘acre 
on a surface basis. It 
that the aerated lagoon 
heavily loaded 
lightly loaded 
Tem. 


aerator 


mixing raw 


organic 


very 


loading seems 


was a very 


Oxidation pond or a 


activated sludge SYs- 
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The flow 
constant during the winter 
Table I. 
flow 
infiltration in 
struction 


rate remained relatively 
months as 
With the spring 
rapidly due to 
sewers. 
volume of 
be sharply re- 


shown in 
rains the rose 
open con- 
progresses, the 
storm drainage will 
dueed. The retention period in the 
aerated lagoon ranged from 9.8 to 2.6 
days, averaging 6.4 days. 

The large amount of vegetable grind- 
from the store in the 


ines grocery 


shopping center created a suspended 


The 
metabolized by the 
teria in unit and tended 
to float on the surface. <A 
device at the effluent weir prevented 
The 
volatile solids in 
the effluent while the 
MLSS averaged 170 mg volatile sus- 
pended 


solids problem. vegetables were 


not readily bac- 
the aeration 
skimming 
‘ 


loss of most of these light solids. 


average suspended 
was 7) mg/] 
solids The 


average sludge 


solids 
The 


mixed 


age based on displacement of 


be 14.5 day S. 


rate in the 


was caleulated to 


oxygen uptake 
liquor averaged 0.8 mg |/hr during 
the first 


Variations in 


four months of this study. 
during 


the latter two months of this study 


aerator speeds 
caused increased mixing and increased 
oxygen demand. 


gen uptake rates from 1.2 to 2.6 mg 


The increase in oxy- 


hr which followed an increase in 
rotor speed Was believed to be related 


had 


lower rotor speeds. It 


to resuspension of 


settled at the 
appeared that most of the mixed liquor 


solids which 


suspended solids were active microbial 
solids with the heavier, less active sol- 
ids settling out. 

The suspended solids discharged in 
the effluent were found to be the major 
BOD. of the 
suspended solids by a membrane filter 
vielded an average effluent containing 
only 20 mg/l BOD. The BOD in the 
drainage ditch receiving the pilot plant 
effluent averaged 12 This low 
BOD was due to removal of the excess 
suspended 


souree of the Removal 


mg/l. 


solids by sedimentation 


since the only dilution was surface 


ME Effluent | Stream . & 
| 140 26 8.2 
125 29 13 ; 
175 17 8.0 
Dec. 530 52 12 
| 360 12 5.0 
Jan. 3 710 21 
a 12 165 72 24 
1 29 340 1.0 
ey Feb. 9 540 70 12 : 
16 250 140 : 
23 195 17 0.0 
Mar. 9 180 87 26 
| 107 15 13 
| 30 200 12 
Avg 
*2-h 
+ 7-h 
§ 4-1 
‘ 
i 
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runott which was very low during TABLE III.—Oxygen Transfer Rate in Aerated 


this study. Lagoon to Maintain 1.0 mg/l DO 
Microscopic Examination Oxygen Transfer Rate 
Speed of Rotor (mg/l/hr) 

Routine microscopic examinations (rpm) | 

were made of the mixed liquor as indi- Cover On Cover Off 

cated by McKinney and Gram (5) for 79 25 

the various types of protozoa. It was 78 5.6 

found that the aerated lagoon was an 82 5.1 

activated sludge system rather than an 100 8.9 

oxidation pond. At no time were 117 a4 as 


algae found in the mixed liquor. The 
bacteria formed typical activated 
sludge floc. The floc particles were all Oxygen Transfer 
small as the heavier floe settled out. 

Initially, the flagellated protozoa 
predominated, but they soon gave way 
to the free swimming ciliated protozoa. 
As the temperature decreased, the 
number of free swimming eiliated 
protozoa decreased. Very little proto- 
zoa activity existed below 40°F. 
When the temperature reached 32°F 
all protozoan activity ceased; but as 
the temperature rose, the numbers of 
protozoa increased rapidly. Only once 
were stalked ciliates found in the 
mixed liquor. The predomination of 
free swimming ciliated protozoa is in- 
dicative of a high bacterial population. 


One of the important aspects of this 
study was to determine the oxygen 
transfer relationships of the mechani- 
eal aerator. Routine determinations 
were made for dissolved oxygen in the 
mixed liquor and for oxygen uptake 
rates. The data given in Table II 
show the routine operation of the 
aerator. The dissolved oxygen in the 
aeration unit was consistently high un- 
til January 29, 1961. An _ extended 
cold spell caused ice to build up on 
the aerator which was mounted on a 
floating platform and caused the en- 
tire platform to sink lower in the wa- 
ter. The added resistance to the rotor 


TABLE II.—Oxygen Relationships in damaged the drive belts and reduced 
Aerated Lagoon the oxygen transfer capacity. It was 
approximately one month before the 

Date DO O2 Uptake | Tempera- belt problem was noticed and cor- 
ne ee mg/l mg/1/hr) (°F) rected, but at no time was there a 


deficiency of dissolved oxygen. 


A series of eight special tests were 

19 75 08 an conducted at different rotor speeds 

1 a 7.4 0.8 62 to determine the oxygen transfer rate. 

Nov. 8 a7 0.6 51 Five of the tests were conducted with a 

polyethylene cover to simulate an ice 

Dee. 3 64 : 4] cover. The rate of oxygen transfer at 

8 5.8 0.9 5 1.0-mg/1 dissolved oxygen coneentra- 

4 20 9.8 0.8 38 tion and 10°C for various rotor speeds 

Jan. 3 5.3 LO a9 is given in Table III. The maximum 
12 5.6 0.9 41 

29 03 | 10 39 rate of oxygen transfer at 1.0 mg/] 

Feb. 9 0.5 38 dissolved oxygen was calculated as 220 

16 47 lb/day at a maximum rate of 9.3 mg/I/ 

23 a8 hr. The actual power requirements 

12 indicated 2 lb oxygen transfer/hr/hp. 

| 30 96 51 The polyethylene cover reduced the 


oxygen transfer rate by 10 per cent, 


: 
: 
| 
4. 
4 
a 
d 
x 
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indieating that the maximum 
transfer is at the 
through the surface. 


oxygen 


rotor rather than 


Oxidation Pond 


During this study septic conditions 
developed in the oxidation pond in the 
spring when the ice melted. Shortly 
after this study ended condi- 
tions resulted which required the ad- 


septic 
dition of sodium nitrate. The location 
of the oxidation pond in a high-value 
residential area makes odor nuisances 
a sensitive problem for the developer. 
The organie concentration in the in- 
ranged from 160 to 
270 mg/l of BOD with an average of 
230 mg/l. The BOD 
in Table IV. A single 24-hr composite 
sample had a BOD of 260 mg/1, indi- 
The 


oxidation 


fluent raw sewage 


data are given 


cating a typical domestic sewage. 
volume to the 
pond averaged 147,000 gpd, giving a 


daily sewage 
retention period of 42 days. The or- 
ganic loading on the pond was slightly 
under 60 Ib BOD day acre 

The effluent BOD averaged 34 me/1, 
a little 


lower than that of the study 


TABLE IV.—-Operational Characteristics of 


Oxidation Pond 


230 
210 
270 
266 
190 
200 
240 
250 
250 
270 
220 
L160 
220 


250 
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at Fayette (1) indicated for a loading 
of 60 lb BOD/day/acre. The BOD of 
the effluent from a 
of 13 to a maximum of 47 me /1. 
examination of the effluent 
that BOD oceurred 
when the algae began to decrease with 
cold When the algae began 
to build up effluent BOD 
During the two weeks when the 
algae disappeared from the effluent 
BOD’s in the effluent were 18 and 16 
me 
that removal of the 
from the effluent 
BOD to 11 mg] 

The dissolved oxygen in the oxida- 


minimum 
Miero- 


ranged 


scopic 
showed minimum 
weather 
again, the 


rose, 


Membrane filter studies showed 
microorganisms 
reduced the average 


tion pond was dependent on the aetiv- 
ity of the algae. The DO ranged from 
20.5 to 0.4 me/|l during the daylight 
hours. The DO rose rapidly in the 
that a 
indicator of 


morning hours. It was found 


pll of 8 
trouble 


Was a cood 


from an oxygen deficiency. 
Routine pH measurements ean be used 
to indicate operational characteristies 
of oxidation ponds. 

The predominant algae in this oxi- 
dation pond were Chlorella and Eug- 
lena. Generally, small free swimming 
ciliated 
effluent. 


nitrates 


protozoa were present in the 
Rotifers were observed when 
used as an 


were oxygen 


source. The blue-green algae predomi- 


nated when anaerobic conditions de- 


veloped. 
Discussion 


The aerated lagoon is nothine more 
than a homogeneous biological reactor 
with a time. Its effi- 
ciency depends on the rate of growth 


long holding 
of the microorganisms and the reten- 
unit. The 
raw sewage re 


tion period in the aeration 
continuous addition of 
sults in the 
liquor. In a 


mixed 
recent analysis of the 


displacement of 


mixing activated sludge 
Doshi 6 


damental 


complete 
process presented the fun- 
mathematical equations for 
biological 


the homogeneous reactor. 


His equations indicated that 95 per 


af 
— 
BOD 
1961) 
Inf. | Eff . 
Oct. 5 35 16.4 
92 24 9.2 3 
| 27 33 9.5 61 
Nov. 8 13 15.49 15 
| 15 is 5:3 3 
22 16 11.4 50 
8 16 3.0 7 36 
20 28 11.2 9 37 
ee: Jan. 3 35 15.2 J 33 
| 12 39 20.5 | 
29 8.7 9 33 
x Feb. 9 17 7.9 7 33 = 
16 16 0.4 15 
| 23 12 6.8 7 18 
Mar. 9 35 15.0 7 14 
| 30| 33 7.8 51 
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cent of the raw sewage would be 
metabolized within 7 hr at 20°C and 
that the BOD in the effluent was re- 
lated to the microbial solids displaced 
from the reactor. 

The data obtained in this study con- 
firm the fact that the major source 
of BOD in the effluent from an aerated 
lagoon is related to the active micro- 
bial solids. The average efficiency of 
BOD reduction was 76 per cent with 
normal microbial solids losses and 92 
per cent with the microbial solids re- 
moved. The key to the effluent qual- 
ity in the aerated lagoon lies in the 
removal of the suspended solids. It 
was noted that the suspended solids 
settled readily in the drainage ditch 
to which the effluent was discharged. 
The settled solids did not create any 
obnoxious conditions or affect the 
effluent quality in the drainage ditch. 
In order to evaluate ponding as a 
means for removal of the suspended 
solids, a secondary pond has been built 
just below the pilot plant to intercept 
the effluent. The effluent pond will be 
studied carefully to determine its value 
and its operational characteristies. 

The major advantage of the aerated 
lagoon is the continuous oxygen trans- 
fer caused by the turbine aerator. 
With normal oxidation ponds the algae 
produce oxygen only during the day- 
light hours. The microorganisms re- 
quire oxygen 24 hr a day so that suffi- 
cient oxygen must be stored during 
the daylight hours to last through the 
night. In essence the algae are like a 
mechanical aerator run only 12 to 16 
hr a day. The continuous oxygen sup- 
ply of the mechanical aerator, 24 hr 
a day, summer and winter, permits the 
aerated lagoon to handle more waste- 
water per day per unit volume. 

The microbial characteristics of the 
aerated lagoon are those of an acti- 
vated sludge system rather than an 
oxidation pond. The turbidity and 
turbulence prevent normal algae 
growths. This means that the entire 
oxygen demand must be. satisfied by 
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the mechanical aerator. It is possible 
to couple an aerated lagoon and an 
oxidation pond together to obtain the 
benefits of both systems. This is the 
current plan for the existing Red 
Bridge oxidation pond. 

An aerated lagoon with a 24-hr re- 
tention period has been proposed ahead 
of the existing oxidation pond. The 
microorganisms in the aerated lagoon 
will metabolize most of the organics 
in the raw sewage with the production 
of an appreciable quantity of micro- 
bial protoplasms. The excess cells will 
be discharged in the effluent to the 
oxidation pond where they will under- 
go sedimentation and endogenous 
metabolism. Algae will produce the 
necessary oxygen for the endogenous 
metabolism. The aeration section is 
expected to supply 54 per cent of the 
total oxygen demand while the oxida- 
tion pond is to supply 31 per cent. 
For every pound of BOD treated, the 
aerator will supply 0.81 lb of oxygen 
and the oxidation pond will supply 
0.46 lb of oxygen. With a 5-hp aerator 
the aerated lagoon should be able to 
handle 600 Ib BOD /day without any 
difficulty. The anticipated BOD load 
is approximately 300 lb BOD/day or 
about 144 the capacity of the aeration 
system. The loading on the oxidation 
pond will be reduced to 20 lb BOD 
day/acre which should not create any 
special problems. The ultimate BOD 
load anticipated is 580 lb of BOD day 
or about the capacity of the aeration 
system. At this load the oxidation 
pond will be treating 38 !b of BOD 
day /acre. 

The aerated lagoon does not require 
complex maintenance. The only main- 
tenance that is not required in a econ- 
ventional oxidation pond is periodic 
lubrication of the aerator motor. The 
aerated lagoon has promise as either 
an intermediate treatment system or 
as a high-quality treatment system. 
The percentage BOD reduction for 
varying retention periods with normal 
domestic sewage is given in Figure 3 
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FIGURE 3.—The variation in per cent BOD reduction with aeration 


for both the intermediate treatment 
and the high quality treatment 

The aerated lagoon is not the final 
answer for all waste treatment prob- 
lems. Like all waste treatment sys 
tems it has certain advantages and 
disadvantages. It appears to have 
value in areas where oxidation ponds 
are overloaded or where land is ex 
pensive and Ope rational control must 
be a minimum The aerated lagoon 
does not need operational control from 
biological standpoint. Biological 
equilibrium will be established, based 
on the actual loading conditions and 
will adjust automatically to various 
changes in loads It is sensitive to 
toxic substances the same as any bio- 


logical Wastewater treatment stem. 


time for domestic sewage at 20°C in the aerated lagoon. 


Foam was a problem due to laundro- 
mat wastes in the pilot plant, but was 
easily controlled with daily additions 
of a commercial antifoam agent 

There are many problems to be 
solved in the use of aerated lagoons 
for sewage disposal, but it appears that 
sufficient data are available to indi- 
cate the value of the aerated lagoons. 
As larger installations are constructed, 
more data will become available and 
design eriteria will become more 
sophisticated. 


Conclusions 


6-month full-seale, pilot-plant 
study of the treatment of raw domestic 
sewage by an aerated lagoon yielded 
the following conclusions: 


—— 
| 

| 
4 | | | 

| 


1. The BOD reduction with an aver- 
retention period of 6.4 days was 
76 per cent. 


2. The BOD in the effluent from 
the aerated lagoon was largely due to 
the suspended solids. A BOD redue- 
tion of 92 per cent was possible with 
complete solids removal. 

3. The mechanical, turbine aerator 
with variable control was 
capable of transferring 2.0 lb oxygen/ 
hr/hp at 1.0-ng/] oxygen 
concentration in the mixed liquor. 

4. The aerated lagoon is biologically 
a long period activated sludge plant 
and is not related directly to the oxi- 
dation pond. 


speed 


dissolved 


A 6-month examination of the Red 
Bridge oxidation pond furnished the 
following conclusions: 


1. An organic loading of 60 Ib 
BOD/day/acre emitted obnoxious 
odors periodically. 

2. The average BOD reduetion with 
42 days’ retention was 87 per cent. 

3. The BOD in the oxidation pond 
effluent is largely due to algae. 

4. The pl determinations in the 
effluent were good guides to the oxy- 
gen production by the algae. <A good 
algae growth kept the pHl above 8, 
while poor algae growth allowed the 
pH to drop below 8 
ditions to result. 

5. A 5-hp aerated lagoon will be 
constructed ahead of the existing oxi- 


and septic con- 


dation pond to reduce its organic load, 


thereby preventing obnoxious odors. 


Additional studies are required to 
determine the following factors: 


1. The effect of a secondary-sludge 
sedimentation 


pond following the 
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aerated lagoon as an effluent polishing 
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device. 
2. The operational characteristies of 
the aerated lagoon-oxidation pond 
combination. 
3. The mixing characteristics and 
solids sedimentation within the aerated 
lagoon. 
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EXCESSIVE NITRITE NITROGEN 
IN ACTIVATED SLUDGE 


The Fairfield, Connecticut, munici- 
pal sewage treatment plant is a con- 
ventional activated sludge plant de- 
signed to handle an average flow of 
4.0 mgd. The treatment processes in- 
clude grit removal, comminution, pri- 
mary sedimentation, aeration, final 
sedimentation, and chlorination, to- 
gether with sludge handling facilities 
consisting of separate sludge digestion 
tanks, elutriation tanks, and vacuum 
filters. Plant operational data for a 
normal period of operation are shown 
in Tables I and II 

Since the plant effluent is discharged 
into Lone Island Sound in an area 
that is extensively used for bathing, 
post-chlorination for effluent disinfee- 
tion is carried on during the bathing 
season from May 15 through September 
15. Chlorine application is in accord- 
ance with the requirements of the Con- 
necticut State Department of Health 
to meet bacteriological effluent stand- 
ards set by the Interstate Sanitation 
Commission (1 Table I shows that 
during normal operations the chlorine 
demand of the final effluent averages 
approximately 6 mg/l and a chlorine 
residual of at least 1 mg/l is main- 
tained after 20 min contact in a long 
outfall pipeline. Such a residual has 
always been found adequate to meet 
the bacteriological standard which re- 
quires that the effluent coliform MPN 
not exceed 100/100 ml in more than 
50 per cent of the samples. 
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Chlorine Demand Increase 


Each summer for the past several 
years without any warning or ap- 
parent reason the chlorine demand 
increased excessively, and frequently 
could not be satisfied even with full 
use of all chlorinator capacity. The 
resulting decreases in chlorine residual 
led to poor bacteriological results. 
This condition oceurred only onee dur- 
ing each annual period of chlorination 
and usually lasted only one to two 
weeks. Although numerous opera- 
tional changes were tried during these 
short periods each year, no definite 
conclusions could be drawn to indicate 
a possible remedy for the abnormal 
conditions. 

During the 1960 chlorination season 
when conditions producing high efflu- 
ent chlorine demand again occurred, 
laboratory analyses were performed on 
several samples collected at various 
stages of the treatment process. These 


tests seemed to show that the cehlorina- 


TABLE I.—Normal Operating Data 


Iter Range 

Average flow (mgd 3.0 
Aeration period (hr 6.0 
Air to aerators (cu ft/gal 0.70 to 1.60 
Air to aerators 

eu ft/lb BOD removed 1,000 
Dissolved oxygen in aerators 

mg/| 2.5 to 4.5 
Suspended solids in aerators 

mg 1,800 to 2,800 
Sludge density index te 
Effluent chlorine dosage 

mg/l 6.0 
Effluent chlorine residual 

mg/l 1.0 to 2.0 


a 
up 
ree 
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tion difficulty resulted from incomplete 
nitrification as indicated by the pres- 
ence of very high nitrites in the un- 
chlorinated final settling tank effluent. 
The nitrites exerted a high chlorine 

é demand which accounted for the inade- 
quate chlorine residual. 


Change in Operation 


? The ordinary objective in the appli- 
{ cation of air at the Fairfield plant is 
to maintain a dissolved oxygen content 


of about 2.5 mg/l in the aerators with 
a minimum of 1.0 mg/] at the effluent 


end of the final settling tanks. When 
it was found that excessive nitrites 


were present in the final settling tank 
effluent it was decided to change the 
application of air to produce an in- 
in the dissolved oxygen to at 
least 4.0 mg/l in the aerators and 2.0 
mg/l in the final effluent. This proved 
successful in effecting a substantial de- 
crease in nitrites present and an in- 
crease of nitrates to higher levels, thus 


crease 
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TABLE II.—Laboratory Data During 
Normal Operation (mg/l) 


Raw Primary) Final | Per Cent 
—— Sewage Effluent Effluent Removal 


BOD 157 27 7 96 
Suspended solids 190 70 ) 95 
Organic nitrogen | 

(as N) 15.8 14.3 3.0 — 
Ammonia nitrogen | 

(as N) | 12.0 13.2 16 | — 
Nitrite nitrogen | | 

(as N) - | 0.004 - 
Nitrate nitrogen | | 

(as N) 0.5 | 0.8 | 5.0 - 


hibited no abnormal chlorine demand 
during prechlorination, lead to the con- 
clusion that the high chlorine demand 
was occurring as a result of an upset 
of the aeration process. 


Interference of Nitrites 


The chlorine residual results shown 
in Table Ill were obtained by using 
the orthotolidine test. The use of 
sodium arsenite revealed the presence 
of substances interfering with the test 
prior to July 1. While the orthotoli- 


restoring the chlorine demand of the dine test is an adequate field control 
plant effluent to normal. test with an activated sludge effluent, 
Table IIL summarizes the findings the results reported in Table III for 
obtained in connection with this prob- June 27 and 30 are subject to some 
lem and illustrates the relationship be- error due to the nitrite interference. 
tween nitrogen constituents and chlo- The orthotolidine test should not be 
rine demand. During the operational used on sewages having more than 2 
difficulty the chlorine demand, which mg/l nitrite according to ‘‘Standard 
was estimated from operating data and Methods’’ (2). However, biological 
one laboratory test, was appreciably and nitrite interferences with the dis- 
higher than could be expected in set- solved oxygen tests on the mixed liquor 
tled or even raw sewage. These data, in the aeration tanks were avoided and 
os - together with the observation that the the accuracy of this test was main- 
= Fairfield raw sewage at that time ex- tained by the use of the azide-copper 
i TABLE III.—-Relationship Between Nitrogen Constituents and Chlorine Demand (mg/l) 
Date Sam Nitrate as N | Nitrite aa Woring 
June 27 Unchlorinated effluent 2.8 8.0 >40 
J Chlorinated effluent 1.8 1.8 Trace 
June 30 Chlorinated effluent 1.7 2.5 >25 0.17-0.30 
} 
July 14* Unchlorinated effluent 8.0 0.004 6-8 | - 
i Chlorinated effluent 8.0 | 0.001 1.4-2.0 
a * The application of air was increased on July 1, 1960, 
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sulfate-sulfamie acid modifications of 
the Winkler test. 

The following chemical equation may 
be used to show the reduction of chlo- 
rine by nitrite: 


NO. + + Cle 
=< NO; + 2H* + 2Cl 


This equation shows that there is a 
chlorine demand of 5.1 
mg/l of nitrite 
This reaction was observed to proceed 
very rapidly since the sampling point 
where low chlorine residuals were ob- 
tained is only a few seconds flow time 
from the point of chlorine application. 
The rapidity of this reaction has been 
noted by Gilereas (3 While some of 
the Fairfield demand may 
have been caused by the presence of 
insufficiently oxidized suspended or 
colloidal solids in the effluent, the 
rapidity of the exertion of the demand, 
as well as the magnitude of the de- 
mand, indicated that a chemical reac- 
tion that 
responsible for most of the chlorine 
demand. 


mg/l for each 


expressed as nitrogen 


chlorine 


such as shown above was 


Nitrogen Tests as Controls 


From the standpoint of conservation 
of water resources, the importance of 
nitrification in sewage treatment plant 
effluents is overshadowed by the need 
for production of an effluent having a 
low BOD, although in some instances 
nitrite and nitrate nitrogen may be of 
appreciable value in supplementing the 
oxygen supply of a receiving stream. 
However, nitrification can also lead to 
undesirable growths of aquatie plants 
These 


conditions of the 


in streams. considerations for 


recelvinge’ waters, as 
well as the Fairfield experience with 
respect to that 
routine nitrogen determinations would 
be of value as control tests, particu- 
larly at activated sludge plants where 
these considerations might be involved. 


chlorination, 


suggest 


Nitrogen determinations have also been 


advocated by Sawyer (4) as a guide 
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for controlling nitrification for the pur- 
pose of economy in operation of aera- 
tion equipment. Routine nitrogen de- 
terminations are also essential at plants 
producing fertilizer for the commercial 
market. 

It is common design practice to as- 
sume that activated sludge platit efflu- 
ents have demands in the 
range of 6 to 8 mg/l] (5)(6)(7). The 
cited and 
actual plant experience indicated that 
the Fairfield effluent 
exceeded 40 
plant operating at 
could have 
logical quality of 
these conditions. 
receiving dictate a 
high bacteriological quality, nitrites 
producing high chlorine demands 
which exceed chlorinator capacity can 


chlorine 


chemical reaction above 
chlorine demand 
no activated sludge 
design capacity 
maintained high bacterio- 
the effluent 
Where the 


under 
uses of 


waters need for 


be quickly detected by routine nitrogen 
determinations, the which 
permit intelligent changes in operation 


results of 


before prolonged deficiency in disin- 
fection occurs. 


Summary 


1. The results of the laboratory ex- 
aminations on the samples collected, 
and the chemical equation for redue- 
tion of chlorine by nitrite give an ade- 
quate explanation for the high chlorine 
demand in the Fairfield plant effluent. 
Each milligram per liter of nitrite (ex- 
exerted a chlorine 
with the reaction 


pressed as nitrogen 
demand of 5.1 mg/I, 
proceeding very rapidly. Increasing 
the amount of applied air significantly 
decreased the nitrites in the plant efflu- 
ent and lowered the chlorine demand, 
with resulting improvement in effluent 
bacteriological quality. 

2. Routine nitrogen determinations 
at activated sludge plants may be help- 
ful as control tests where any of the 
following 


tered: 


conditions may be encoun- 


(a) High ehlorine demand from ni- 


trites, particularly if econtinu- 
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FLORIDA OPERATORS AWARDS 


| 


Recipients of the awards for the best operated sewage treatment 
plants in the State of Florida for 1960-61 are shown above with David 
Bb. Lee, Director, Bureau of Sanitary Engineering, Florida State Board 
of Health, who presented the awards. 


Seated are Elmer Potter, Superintendent of Treasure Island plant; 
Charles Ross, Town and Country Subdivision plant, Tampa; Jack 
Whitney, Superintendent, Miramar plant; Paul Constable, International 
Airport No. 2 plant, Miami. 


Standing are Eugene Cochran, City of Miami plant; Cliff Courson, 
Superintendent, Tampa plant; Joe Valdespino, Superintendent, South- 
west Orange County plant, Orlando; and Mr. Lee. 
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WASTEWATER TREATMENT AND 
DRINKING WATER STANDARDS 


M. B. Ettinger 


It is topically pertinent to consider 
raw 
stages of treatment in relationship to 
drinking water quality standards since 
revised standards have been prepared 
for release. With a few exceptions 
these follow the pattern described by 
Hopkins and Gullans (1 

Three were involved in de- 
veloping the new 


sewage and sewage in various 


groups 


standards: 


1. The Advisory Committee on Re- 
vision of the Public Health 
1946 Drinking Water Standard 
sists of 17 members representing tech- 
nical societies having competence with 
respect to water quality requirements 
and technical control thereof, persons 
particularly conversant with regional 
or national 
or with consumer interests. 

2. technical 
sisting of Public Health Service offi- 
cers designated to work with the Com- 
mittee and to aid the 
developing its recommendations. 


Service 


con- 


water quality problems, 


subcommittee, con- 


Committee in 


3. A task force on toxicology com- 


posed of well-known _ toxicologists 
whose function was to develop and re- 
view limita- 
tion of toxicants in water to suitable 


limits. 


recommendations on the 


Bacterial standards in the 
drinking 


based solely on the “* 


new 
still 
coliform group,’’ 


water standards 


are 


M. B. Ettinger is Chief of 
Physics, Research Branch of the Di 
Water Supply and Pollution Control of the 
U. S. Public Health Service’s Robert A. Taft 
Sanitary Engineering Center, ¢ Ohio. 

The paper was presented at the Central 
States Sewage and Industrial Wastes 
34th Annual Mee Springfield, Il., 
June 7-9, 1961. 


Chemistry and 
sion of 
inemnati, 


{ssn. 


ting in 


and are similar to those of preceding 
standards, except that 
have been made in sampling protocol. 
The standard says in effect that there 


some changes 


should be no more than one ‘‘ coliform 
group’ 100 ml on the 
average careful 
the 
brief pe- 


organism 
and that 
should be 


per 
some very 
taken 
is exceeded for 


measures when 
stated limit 


riods. 


Coliform Removal 


[t is well to point out what a sew- 
treatment 
coliform organisms and, more signifi- 
cantly, the which 
they serve to indicate. 

It all depends on what the plant in- 
cludes. 


tively 


plant does to destroy 


age 


enteric pathogens 


Primary sedimentation is rela- 
with luck it 
may be possible to cut the number of 


ineffective good 
enteric organisms by a factor of two. 
If there is a trickling filter behind the 
primary, the bacteria are reduced by 
a factor of about 5. Activated sludge 
is still more effective and 


about 9 out of 10 


With chlorination, there probably is 
a further cut by a factor of about 10 
unless an exceptional job of chlorina- 
bacterial 
destruction the efficiency is likely to 


knocks out 


enteric organisms 


tion is done. In terms of 
compare favorably with what is done 
in terms of BOD removal. But there is 
a big difference. If BOD is 
by 99 per cent there is not much room 


reduced 


for further concern on that score, but 
a 99-per cent removal of coliform or- 
ganisms leaves an effluent far from be- 
ing potable water. 

The 


contain an appendix which discusses 


new drinking water standards 
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the basis for arriving at the standards. 
Here it is pointed out that municipal 
supplies, drawing their raw water from 
a heavily polluted souree, apparently 
could be responsible for outbreaks of 
disease caused by enteric viruses, even 
when the bacteriological results indi- 
cate a satisfactory treatment. 


Virus Removal 


The degree of virus removal in the 
treatment process is another serious 
consideration. Here the evidence is 
very ill-defined because of the diffi- 
culties of enumeration of viral ma- 
terial or dosage, but it is elear that 
a secondary treatment plant is fairly 
effective. Clarke and Chang (3) and 
Clarke et al. (4) found that primary 
sedimentation did not yield significant 
removal of virus material. Activated 
sludge treatment apparently reduced 
virus material by a factor of about 
ten. It was concluded that activated 
sludge treatment would have to be 
followed by rigorous disinfection pro- 
cedures if virus-free effluent is 
sought. 


Removal of Other Materials 


Turning next to the removal of 
specific chemicals or groups of sub- 
stances mentioned in the drinking wa- 
ter standards it is noted that per- 
formance is highly erratic. At one end 
of the array, there is little or no re- 
duction of dissolved solids (500 mg/1 
recommended limit), chlorides (250 
mg/l recommended limit), and hope- 
fully, of sulfates (250 mg/l recom- 
mended limit). Nitrates probably are 
increased (45 mg/l reeommended 
limit) at least part of the time if see- 
ondary treatment is applied. However, 
the net effect of the sewage treatment 
plant is to remove nitrogenous material 
or dissipate it as nitrogen gas so that 
there is a decrease in the danger of 
high nitrates in receiving streams. 

The standard recommends that alkyl] 
benzene sulfonate should not exceed 
one-half mg/l. If the plant is a pri- 
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mary there is very little removal of 
ABS. Hurwitz et al. report that they 
get out about one-half of the ABS 
at the Southwest treatment plant in 
Chicago (5). A conservative estimate 
based on laboratory data (6) would 
be about one-third removed by acti- 
vated sludge treatment. 

Phenols (recommended limit)  re- 
main at 0.001 mg/l. If phenols reach 
a primary plant the plant serves to 
add nutrients and seed and hasten 
the destruction of the material in re- 
ceiving waters. 

Mathews (7) found that his aeti- 
vated sludge plant was quite effective 
in reducing phenols to very low levels 
in the effluents when phenolic wastes 
from ‘‘big steel’’ at Gary were re- 
ceived. 

Cyanide is mentioned in the new 
standards at two levels: (a) recom- 
mended limit of 0.01 mg/l and (b) a 
‘‘erounds for rejection’’ limit of 0.2 
mg/l. In a_ secondary plant the 
chances are that there will be a good 
job of destroying most of the cyanide 
that reaches the plant. 

The limit on hexavalent chromium 
continues to be 0.05 mg/l.  Experi- 
ence with chromates has been related 
at some length (8). In a secondary 
plant the chances are good that re- 
duction and removal of much of the 
chromate that reaches the plant will 
be accomplished if only a small amount 
is received. If a heavy dosage is re- 
ceived most of it will go through, al- 
though it is believed that with a little 
redesign an activated sludge plant 
could be made to reduce or remove 
all the hexavalent chromium reaching 
it. This could be done by arranging 
for the sludge and its food to reduce 
and precipitate the chromium. 


Carbon Chloroform Extract 


There is a new operationally defined 
entity in the drinking water stand- 
ards. This is earbon chloroform ex- 
tract (CCE). The parameter is em- 
pirically defined as the amount of ma- 
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terial which can be recovered from a 
specified activated carbon column 
which has had a specified amount of 
water passed through at a prescribed 
rate and then has been dried and 
chloroform extracted The reeom- 
mended limit is 0.200 mg/l. The teeh- 
nical basis for this limit has been 
given (9). 

Data are meager on what a sewage 
treatment plant does in the way of 
removing CCE. However, some esti- 
mates can be made. First, a primary 
plant may be given credit for a re- 
duetion which corresponds closely to 
solids removal. In a secondary plant 
enough additional material should be 
taken out to bring the reduction to 
about 90 per cent, provided oil and 
grease are not repeatedly circulated 
through the plant until lost in the 
effluent. 

There are a number of other chemi- 
eal stipulations in the standards in 
which the sewage treatment plant in- 
tervenes to minimize the amount of 
toxic or deleterious chemical which 
reaches a stream. However, most of 
the more important improvements ac- 
complished in the course of reducing 
or eliminating solids, BOD, and offen- 
sive-looking materials out of effluent 
have been covered. 


Summary 


As a group of people connected with 
sewage treatment plants which empty 
into inland waters, operators are do- 
ing much more than preparing sew- 
age for inoffensive disposal. They are 
preparing wastes for reuse. The fol- 
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lowing may be considered to be a 
motto for the inland operator, ‘* Love 
thy downstream neighbor and _ treat 
your sewage as if you were planning 


to have it enter your own water sup- 


ply. 
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TIPS AND QUIPS 


International Relations 


President and Mrs. Kennedy, enter- 
taining the President of Pakistan, were 
not disturbed by a sign protesting 
against a proposed wastewater treat- 
ment plant across the Potomac. It was 
removed during the formal dinner held 
in honor of the visitor. 


The photograph, taken by Vie Casa- 
mento of the Washington Post, shows 
the small billboard that greets the usual 
visitor and the far shore of the river. 
The proposed plant was to have been 
built in the area near the arrow. 

Late reports of the dispute indicate 
that the planners have retreated and 
are searching for a new site. 


The Potomac River from Mount Vernon. 


Engineering Society Moves 


The American Society of Mechanical 
Engineers, founded in 1880, moved its 
headquarters office on Sept. 2, 1961. 

It has been 55 years in the Engi- 
neering Societies Building and is now 
located in the new United Engineering 
Center at 345 East 47th Street, New 
York 17. 

The new location includes the larg- 
est collection of engineering literature 
in the free world, indexing and ab- 
stracting technical literature facilities, 
meeting and conference rooms, a eafe- 
teria, and exhibit space. 


AEC to Reprocess Heavy Water 
from Foreign Reactors 


A. R. Luedecke, General Manazer 
of the U. S. Atomic Energy Commis- 
sion has authorized its Savannah River 
Plant to perform heavy water reproe- 
essing services for foreign reactor op- 
erators on condition that the heavy 
water was originally purchased from 
the Commission. No commercial fa- 
cilities are available to perform this 
service. 

Ileavy water of 99.75 per cent purity 
is produced in a heavy water extraction 
facility at the Savannah River Plant 
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in South Carolina. It is used as a 
moderator to slow down neutrons in 
reactors during the fission process 
Under agreements with foreign reactor 
operators, authorized under the Atomic 
Energy Act of 1954, heavy water which 
has become degraded during reactor 
operations will be shipped to the 
Savannah River Plant for reprocessing 
and refinement to restore the purity of 
the material. This service will assist 
reactor operators to improve reactor 
efficiency and reduce the amount of 
heavy water that must be purchased 
for replacement purposes. 

Charges for this service will be set 
on the Savannah River Plant’s cost 
for upgrading which is based on the 
percentage of deuterium oxide still re- 
maining in the returned material. 
Heavy water can become diluted or 
degraded through absorption of atmos 
pherie moisture and by dilution with 
light water. 

Approximately 500 tons of heavy 
water produced at the Savannah River 
Plant have been sold to foreign nations 
since 1955. 


Automatic River Monitoring Station 


The first automatic river monitoring 
station in Pennsylvania operated by the 
State Health Department was officially 
placed in operation at Williamsport 
during publie dedication ceremonies 
July 18. The station is designed to 
give continuous readings at all times of 
the condition of the Susquehanna River 
in the Williamsport area. It is located 
on the Maynard Street bridge 

Dr. C. L. Wilbar, Jr., State Health 
Secretary and Sanitary Water Board 
Chairman, said that the West Branch 
of the Susquehanna is subject to rela- 
tively high concentrations of acidity at 
times of large runoffs due to heavy 


rains in upstream areas of mining op- 


erations. Such runofts, he said. have 
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resulted in fish kills in the past. The 
river has improved so much in recent 
years that there is now good fishing as 
far upstream as Lock Haven, Dr. Wil- 
bar reported. This is because of good 
housekeeping in mining areas in con- 
formity with requirements of the State 
Health Department. 

It is believed that this monitoring 
station will help pinpoint the source of 
fish-killing acid mine runoffs, where 
heavy rains occur in one or another lo- 
cal mining area, and indicate where to 
concentrate efforts to better control 
acid mine drainage. 


Certified Operators’ Pin 


The members of the Southwest Texas 
Regional Short School originated the 
idea of the lapel pin shown in Figure 2 
to encourage water and sewage plant 
operators to take their certificate of 
competency examination. The gold- 
and-blue pin has since become the of- 
ficial emblem of Texas water and sew- 
age treatment plant operators. It is 
presented to all members who pass the 
examination for certificates at the short 


schools. 


Texas Certified Operators’ 
lapel emblem. 
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Schlenz, WPCF President, 1961-1962. 
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MILWAUKEE REPORT 


HARRY SCHLENZ PRESIDENT FOR 1962 


Harry E. Schlenz, President of the 
Pacific Flush Tank Company, Chi- 
cago, Ill., was elected President of the 
Federation at the Election Committee 
meeting on Oct. 8, 1961. 

For many years a leader in the field 
of water pollution control, Mr. Sehlenz 
is well-known to Federation members. 
He has served the Federation in many 
capacities, including active participa- 
tion on the Finance, Publie Relations, 
and Convention Management commit- 
tees. For two years before his election 
to the vice-presidency for 1960-61, he 
served on the Board of Control as a 
representative of the Water and Sew- 
age Works Manufacturers Association. 
He was president of the latter or- 
ganization in 1951 and since that time 
has been on its Board of Governors. 

Born in Denver, Colo., Mr. Sehlenz 
was graduated from the University of 
Illinois in 1927 with a B.S. in Sani- 
tary Engineering. In 1929 he received 
an M.S. in Civil Engineering, and in 
1933 was awarded the professional de- 
eree of Civil Engineer. During 1927- 
29 when he was taking advanced study 
at the University of Illinois he was a 
Research Graduate Assistant with par- 
ticular emphasis on sludge digestion 
and sedimentation. This work resulted 
in the co-authorship of an engineering 
bulletin on these subjects. He was In- 
structor in water supply and sewage 
treatment for the year 1929-30. 


His service with Pacifie Flush Tank 
Company began as a Sanitary Engi- 
neer in 1930. He was elected to the 
Board of Directors and Corporate See- 
retary on January 10, 1934. On March 
3, 1936 he was elected Vice-President. 
Since April 14, 1954 he has been its 
President. 

Mr. Schlenz is a member of Sigma 
Xi, Tau Beta Pi, Sigma Tau, and Chi 
Epsilon. In addition to being a long- 
time member of Central States Sewage 
and Industrial Wastes Association, he 
is also a member of the American Wa- 
ter Works Association, American So- 
ciety of Civil Engineers, Illinois So- 
ciety of Engineers, American Public 
Works Association, Engineers’ Club of 
New York, and the Engineers Club of 
Chicago. He served on the Board of 
Control of the Athletic Association, 
University of Illinois, for four years, 
and as its President in the fourth year. 

Mr. Schlenz has served on the Steer- 
ing Comnrittee of former President 
Eisenhower’s National Conference on 
Water Pollution and presided at the 
Plenary Session in Dee. 1960. 

He has developed and patented a 
number of processes and devices in 
connection with sewage treatment. He 
is the author of numerous papers in 
the technical press. 

Mr. Sechlenz resides in Barrington, 
Illinois, where he is active in church 
and civie affairs. 
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Dr. Jack E. McKee, Professor of En- 
gineering in Environmental Health, 
California Institute of Technology, 
Pasadena, Calif., was elected Vice- 
President of the Federation at the 
Election Committee meeting on Oct. 
8, 1961. 

Before joining the staff of the Cali- 
fornia Institute of Technology he was 
partner in the consulting engineering 
firm of Camp, Dresser and McKee. 
He was Major in the U. S. Army Corps 
of Engineers during the Second World 
War, assigned to the Headquarters, 
First U. S. Army for the Normandy 
invasion and campaign in Europe, as 
sanitary engineer in civil affairs and 
military government. 

Dr. McKee has also done work as As- 
sociate Public Health Engineer for 
the U. S. Public Health Service, New 
Orleans District, and was a teaching 
Fellow in the Graduate School of En- 
gineering at Harvard University from 
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1937 to 1941. From 1936 to 1937 he 
was an engineering aide with the Ten- 
nessee Valley Authority. Among his 


many other assignments were associa- 
tion with the National Institutes of 
Health, the Communicable Disease 
Center of the U. S. Public Health 
Service, the National Advisory Health 
Couneil, and the California Water Pol- 
lution Control Board. 

Professor MeKee is affiliated with 
the American Society of Civil Engi- 
neers, the American Water Works As- 
sociation, the American Public Health 
Association, Sigma Ni, Tau Beta Pi, 
Phi Kappa Phi, Chi Epsilon, and is a 
Diplomate of the American Academy 
of Sanitary Engineers. 

As a member of the California mem- 
ber association of the Water Pollution 
Control Federation, Dr. MeKee was 


Director-at-Large for the Federation 
for 1957-60. 
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MILWAUKEE MEETING 


Once again the Federation’s growth 
was manifested by a record registra- 
tion at the Milwaukee meeting. The 
program was crowded with many ses- 
sions, both technical and social, and 
one measure of success was how many 
activities it was impossible to attend. 
Total registration was 2,056, ineluding 
328 ladies, the number of technical 
papers presented was 54, and the ex- 
hibits numbered 57—all new records. 
The tabular reporting of attendance 
shows in detail the breakdown by 
group and by comparison with other 
years. 

The Local Arrangements Committee, 
headed by William Konrad, was well 
prepared for the crowd. The degree 
of preparation was made evident by 
the effortless manner in which the 
events took place. 

sill was very ably supported by his 
subcommittee chairmen: Fred O. Sulli- 
van, Registration; Raymond D. Leary, 
Finance; Mrs. William Sivyer, Ladies 
Entertainment; William Sivyer, En- 
tertainment; Thomas T. Hay, Loeal 
Host; Lester C. Sechier, Inspection 
Trip; and B. Victor Pfeiffer, Events. 

George Symons and the Program 
Committee again put together an out- 
standing technical program. This was 
the largest program and covered the 
widest range of subjects ever at a 
Kederation meeting. 

Harry Schlenz, as Chairman of the 
Convention Management Committee, 
continued his ability to absorb the 
many details found with meeting ar- 
rangements. 

The warmth of the people in Mil- 
waukee and the welcome given to the 
Federation are deeply appreciated and 
helped make a memorable meeting. 
The official welcome is seen elsewhere 
in this report in the form of a lighted 
sign on City Hall, which was displayed 


the first day and night of the meeting. 


We make Milwaukee City Hall. 
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President-Elect Schlenz, Senator Moss, and President Lawrence. 


All in all the Milwaukee meeting has 
set a new tenor that will be hard to 
match in the future. The concept of 
preregistration is growing as more and 
more members are takine advantage 
of this time saver. This year 616 pre- 
registered. Students from nearby uni- 
versities were invited to attend the 
technical sessions and view the ex- 
hibits at a greatly reduced registration 
fee, and members that were unable to 
attend the entire meeting were wel- 
comed to daily attendance also at a 
reduced rate. These two plans helped 
immensely in furthering one of the 
goals of the Federation in the dis- 
semination of knowledge among future 
and practicing engineers, operators, 
and researchers. 


Technical Sessions 


Another ‘‘first’’ this year was the 
beginning of several of the morning 
sessions with movies that were enter- 
taining as well as instructive. The 
movies were carefully selected for their 
significance and appeal to this group. 
The 14 sessions were unusually well at- 
tended and the speakers brought many 
new ideas and techniques to the audi- 
ence, 


One governmental and one indus- 


trial spokesman highlighted the Fed- 
eration and Industry luncheons. 
Senator Frank E. Moss from Utah 
spoke from long experience on the 
problems of pollution viewed from the 
administrative vantage point. He 
stated that the federal government's 
new pollution control bill was the 
beginning of a crusade in this country 
against water pollution. John G. 


Strange, President of the Institute of 


Institute of Paper Chemistry President 
John G. Strange. 
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Paper Chemistry, covered the par- 


ticular problems of industrial-pollution 
abatement at the Industry Day lunch- 
eon. Ile said that industry is assum- 
ing an increasing responsibility in the 
prudent and effective handling of the 
water it takes in and for reasonable 
treatment of the water it releases. 

Both luncheons, Federation as well 
as the privately-sponsored Industry 
Day Luncheon, were well attended and 
received extensive notice on television, 
radio, and in the press. 

The technical subjects presented 
ranged from basic research and new 
ideas to practical design and opera- 
tion of wastewater treatment plants. 
The program covered many facets, in- 
dustrial and municipal, of pollution 
abatement and those attending were 
well satisfied in the knowledge gained 
from each speaker. 


Industry Day 


Wednesday again was featured as 
Industry Day. Its suecess indicated 
that it will become a regular part of 
the Federation program. Three times 
as many industry representatives were 
in attendance than in 1959, the year 
before Industry Day was featured. 
The luncheon attracted 250. 

Throughout this day special efforts 
were made to encourage new people 
from industry to join the group and 
share their problems. The technical 
program is designed for the industry 
representatives and the Industry 
Luncheon features an industry au- 
thority. 

This year Industry Day was _ c¢o- 
sponsored by the National Couneil for 
Stream Improvement, the Institute of 
Paper Chemistry, the Sulphite Pulp 
Manufacturers’ Research League, and 
the Northwestern Pulp and Paper As- 
sociation. 


Evening Affairs 


The Federation’s entertainment on 
Monday night, ‘‘A Night in Old Mil- 
waukee,’’ presented a delightful pro- 
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vram of folk dances by the Austrian 
and Russian Folk Dancers of Mil- 
waukee. Following the folk daneing 
presentation, music was provided from 
the bandstand for dancing. True Mil- 
waukee beverages were provided along 
with various cheeses. This was a won- 
derful evening that will be long re- 
membered. 

The Awards Banquet was equally 
successful and the evening was a fes- 
tive affair of 800 members and guests. 
The presentation of honors to out- 
standing members was a quiet inter- 
lude between dining and daneing. 


Inspection Trip 


The inspection trip to the Jones Is- 
land Treatment Plant was a break in 
the technical sessions and was very in- 
structive. This plant, one of the few 
to utilize sludge profitably, is unique 
in both history and size. The warm, 
beautiful weather contributed to the 
large turnout of more than 4500. 


Public Relations Display 


The Publie Relations Committee was 
responsible for one of the finest public 
relations exhibits at any Federation 
meeting. It was located in the best 
possible vantage point, adjacent to the 
registration area in the Auditorium. 

The exhibit consisted of the new 
Federation display, featuring in full 
color the aims and activities of the 
Federation in the fight for water pol- 
lution control. The center part of the 
exhibit was a blow-up of a full-page 
salute to the Federation from the Oc- 
tober 16 Newsweck, fronted by an 8-ft 
sphere-effect and an Associated Press 
news ticker tape. The left seetion 
contained another three-panel display 
of public relations materials, along 
with two tables for distribution of 
literature. 

Based on the enthusiasm of the 
large number taking advantage of the 
displays, both for on-the-site viewing 
and later reading of the literature, the 
entire effort was quite a success. 
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Exhibits 
Water and sewage works manufac- 
113 


to the over-all sue- 


turers, 60 companies in booths, 
contributed greatly 
cess of the meeting. There were many 
new items and concepts presented and 
each booth was manned by personnel 
that well about their 
equipment. 

The exhibits numerous 
than in previous years and were ex- 
tremely well-presented. 


were informed 


were more 


Meeting Publicity 

the meeting were 
mailed in late June and early October 
to all major Milwaukee and national 
news outlets, technical and trade pub- 
lications, as well as other organizations 


News releases on 


interested in water pollution control. 
Releases on each 
gram, with write-ups on 
authors and distrib- 
uted to each participant’s local news- 
papers, employer, college alumni of- 
fices, and suggested trade publications. 
Releases were similarly distributed for 
all presiders and co-presiders. 


paper on the 
individual 


pro- 


‘O-authors, were 


Special 
news releases for recipients of Fed- 
eration awards were prepared in ad- 
vance. Pictures taken at the time of 
presentation were mailed with the re- 
leases in the same manner as the re- 
leases on the program participants. 

On the morning of the first day of 
the meeting a news briefing session in 
the newsroom at the Milwaukee Audi- 
torium, featuring coffee and kringles, 
drew representatives of the Milwaukee 
newspapers, United 
television 


Associated Press, 
International, three 
stations, stations, the Li- 
brary, the Museum, Week, 
and about 10 trade publications. The 
Federation’s Publie Com- 
mittee members 
plain the program to the newsmen. 
News kits with all advance releases and 


stories, 


Press 
two radio 


> 
Business 


Relations 


were present to ex- 


and the 
program were distributed during the 
briefing. These kits were prepared so 
that the newsmen would have complete 


pictures, abstracts, 
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information in advance of the meeting. 
There were many news stories on the 
meeting as a result of these kits. This 
was the first news briefing at a Fed- 
eration and it proved ex- 
tremely successful. 


meeting 


Again this year the voluntary news 
staff worked in advance of and 
throughout the week of the meeting to 
arrange publicity. 
for this great success were Bob Nowak, 
Pat Doyle, and Mrs. Donna Bergmann, 
Chain Belt Co.; G. A. Howell and Joe 
McGinty, U. S. Steel Dean 
Kearsh, J. Walter Thompson Co.; and 
Bill Ohnemus, the Buchen Co., rep- 
resenting the Cast Iron Pipe Re- 
Their efforts produced 


Those responsible 


Corp. ; 


Assn. 
the greatest publicity of any Federa- 


sea reh 


tion meeting. 

Beginning with the half-hour inter- 
view of Federation President Ray E. 
Lawrence on the Sunday evening tele- 
vision program, ‘‘ Milwaukee Reports,’’ 
the week of the meeting was filled with 
daily television interviews of princi- 
pal speakers, Federation officers, and 
prominent participants in the meet- 
Two television four 
television programs, and a radio inter- 


ing. newscasts, 
view represent the largest coverage of 
any Federation meeting by these two 
news outlets. The Milwaukee Library 
also made an educational film in color 
on the proceedings of the meeting. 
National publicity of the individual 
program participants was significantly 
broader this year. The advance news 
prepared in the Federation 
office were mailed before the meeting 


releases 


to each participant’s home newspapers, 


employer, alumni offices, and selected 
Im- 
pressive results were obtained. Early 
from the participants al- 
ready reveal that over 50 per cent of 


the technical 


trade and technical publications. 
clippings 


as well as the 
election of the Federation officers and 


Se@SSLONS, 


the recipients of awards, received pub- 


licity in local newspapers throughout 
the country. 
and 


There were also special 


reports feature articles on the 


: 
+ 
A 
| 
“ate 
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meeting in nine trade and technical 
publications. 

One aspect of Milwaukee hospital- 
ity was the interest in the Federation 
meeting and the wide reporting of the 
events, personalities, and talks of the 
meeting. Throughout Monday, Oct. 
the Milwaukee City Hall illuminated 
sign read, ‘‘ Welcome Water Pollution 
Control Federation.’’ It fully key- 
noted this hospitable interest of Mil- 
- waukee in water pollution control and 
a the tremendously successful publicity 

of the annual meeting. 


Awards for 1961 


The honors and awards for 1961 
conferred by the Board of Control 
were presented at the Wednesday 


Awards Banquet by President Law- 
rence. 

Mark D. Hollis was on a business 
trip outside the U.S. in his capacity as 
the new Chief Engineer of the World 
Health Organization, and was unable 
; to personally the Past-Presi- 

dent’s Certificate for exemplary serv- 
ice during 1960. 
H. Heukelekian and George Edgar 
4 Symons were presented with Honorary 
Memberships. 


accept 


H. Heukelekian, receives Hon- 


right, 
orary Member certificate from President 
Lawrence. 
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Honorary Member George E. Symons 
accepts his certificate from President 
Lawrence. 


Dr. Heukelekian, Professor of Sani- 
tary Engineering at Rutgers Univer- 
sity, has been an outstanding contrib- 
utor to the growth of the Federation 
as Research Committee Chairman, au- 
thor, and reviewer and abstractor of 
technical articles. 

Dr. Symons, Chairman of the Fed- 
eration Publications and Program Com- 
mittee for the past five years, has con- 
tributed greatly to the advancement 
of the Federation. His background, 
including experience as an operator, 
consultant, author, and editor has en- 
riched his service to the Federation. 

Samuel A. Greeley received the 
Charles Alvin Emerson Medal for his 
devotion to the highest principles of 
the sanitary engineering profession. 
He was a member of the original com- 
mittee responsible for the organiza- 
tion of the Federation. Mr. Greeley 
has long been associated with the firm 
of Greeley and Hansen, Chicago eon- 
sulting engineers. 

The recipients of the Harrison Pres- 
cott Eddy Medal were Henry Nugent 
Myrick and Arthur W. Busch. This 
award was given in recognition of 


BR i 
SA 
| 
| 
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Tex., where Arthur W. Busch is Re- 
search Associate Professor of Sanitary 
Engineering. Nugent Myrick now is 
Research Fellow at Washington 
versity, St. Louis, Mo. 

Dietrich Kehr and Wilhelm von der 
Emde were awarded the George Brad- 
ley Gascoigne Medal for their paper, 
‘Experiments on the High Rate <Ac- 
tivated Sludge Process,’ which ap- 
peared in the October 1960 Journal. 
This well-performed work yielded new 
data and presented a method for the 
successful treatment of a difficult com- 
bination of industrial and domestic 


wastewaters. 


Samuel A. Greeley, right, 
Emerson Medal winner. 


Selective Stimula- 
tion of Respiration in Mixed Cultures 
of Bacteria and Protozoa."’ This 
paper, published in the July 1960 
Journal, was an outstanding example 


their paper, ** The 


of fundamental research presented 
with unusual skill. This work was 
done at the Rice University, Houston, 


George Bradley Gascoigne Medal win- 
ners Dietrich Kehr, center, and Wilhelm 
von der Emde, right, are congratulated by 
President Lawrence. 


Dr. Kehr is Director of the Institute 
for Water Supply and Sewage Works 
at the Institute of Technology, Han- * 
over, Germany; and Dr. Wilhelm yon 
der Emde is Chief Engineer of the 
Sewage Works Department of the City 
of Hamburg, Germany. 
The Industrial Wastes Medal was 
given to J. M. Holderby and William 
A. Moggio for their paper, ‘‘ Utiliza- 


Spent Sulfite Liquor,’’ as pub- 
Harrison Prescott Eddy Medal winners tion of Spe juo I 


Arthur W. Busch, center, and Nugent My- ished in the February 1960 Journal. 
rick, right, shown with President Lawrence. This reported on the problems of dis- 
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posing of pulp wastes and outlined a 
method of utilizing these wastes. 


J. M. Holderby, center, and William A. 
Moggio, right, Industrial Wastes Medal 
winners, are shown with their plaques after 
receiving them from President Lawrence. 


J. M. Holderby is Manager, Lake 
States Yeast and Chemical Division of 
the St. Regis Paper Company, Rhine- 
lander, Wis. W. A. Moggio is Section 


The newly-created William J. Orchard 
Award. 


\ 
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Head, Felt Products Research, Arm- 
strong Cork Company, Lancaster, Pa. 

A highlight of the Awards Banquet 
was the presentation of the newly 
created (and well-kept secret) William 
J. Orchard Award to Bill Orchard. 
This award is for distinguished service 
and will be conferred only at such time 
when a person emerges as an excep- 
tional contributor to the water pollu- 
tion control field. 

William J. Orchard has been closely 
associated with the Federation’s de- 
velopment since its beginning in 1928, 
having served as Finance Committee 
Chairman during this entire period. 


Bill Orchard accepting the William J. 
Orchard Award from President Law- 
rence. 


An added feature of the Awards 
Banquet was the presentation of the 
George F. Bernauer Memorial Award 
to Henry M. Heisig by the Conference 
of Wisconsin Sewage Works Opera- 
tors. Mr. Heisig is retired Director of 
Laboratories for the Milwaukee Sew- 
erage Commission. G. A. Rohlich, 
Professor of Hydraulic and Sanitary 
Engineering at the University of Wis- 
consin, made the presentation. 

Nominations for the 1961 Arthur 
Sidney Bedell Awards, for service to 
Member Associations of the Federa- 


: 
| 
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Henry M. Heisig, left, accepting the 
George F. Bernauer Award from Gerard 
A. Rohlich. 


tion, were confirmed by the Board as 
follows: T. W. Clapham (Arkansas 
Gerson Chanin (California); James 
W. MacLaren (Canada); E. J. Beatty 
(Central States); Hayse H. Black 
(Federal); Thomas de 8S. Furman 
(Florida); Paul L. Brunner (Indi- 
ana); Philip F. Morgan (lowa); C. B. 
Townend (ISP-England); Grant S. 
Bell (Kentucky-Tennessee) ; Sinelair 
S. Crawford (Louisiana) ; Huntley De- 
Lano (Michigan); Theodore A. Filipi 
(Nebraska); Morris M. Cohn (New 
York); Walter M. Franklin (North 
Carolina); Gilbert H. Dunstan (Pa 
cific Northwest); George A. Elias 
(Pennsylvania) ; Russell A. MeCoy, Jr. 
(South Carolina); Ragnar Spaak 
(Sweden) ; and A. C. Bryan (Texas 
Nominations for the 1961 William 
D. Hatfield Awards, for outstanding 
treatment works operation, were con- 
firmed by the Board as follows: T. 
W. Clapham (Arkansas); Ray L. 
Stoyer (California) ; Leslie W. Shar- 
man (Canada); Carl A. Lund (Cen- 
tral States); F. J. Ludzack (Federal) ; 
E. Charles Shreve, Jr. (Florida) ; Wil- 
liam Edwin Ross (Indiana); L. F. 
Skorezeski (Iowa); Robert W. Huie 
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(Kentucky-Tennessee) ; E. E. Dupre 
(Louisiana); Leonard Hillis (Michi- 
gan); Elijah Coffman (Nebraska 

Kenneth E. Carrington (New York 

John S. Welch North Carolina) ; 
Kenneth L. Larson (Pacific North- 
west); Chester Ford (Pennsylvania) ; 
Ralph G. Pennington (South Caro- 
lina); Erik Thore (Sweden); and 
Haskell R. Street (Texas) 


Membership 


The Secretary reported that the 
combined Honorary, Active, and Cor- 
porate Membership of the Associations 
constituting the Federation was 8,692 
on Sept. 30, 1961, representing a sub- 
stantial gain over 1960’s 8,559. Twen- 
ty-nine associations showed member- 
ship gains; 13 registered losses, and 2 
showed no change. 

The number of Associate Members 
Was 87, an increase of 2 over 1960. 

The New York Association won the 
membership prize for the largest nu- 
merical increase by gaining 54 new 
members. Louisiana won the percent- 
age increase with an impressive 87.5 
per cent. West Virginia was second 
with 22 per cent. 


Directors-at-Large 


The new Director-at-Large is Arthur 
I). Caster, Principal Engineer, Sewage 
Disposal, Division of Water Pollution 
Control, Cincinnati, Ohio. 

The new Federation Director repre- 
senting the Water and Sewage Works 
Manufacturers Association is W. <A. 
Hardenbergh, Editor and President of 
Public Works, Ridgewood, N. J. 


Bedell and Hatfield Award 
Nominations 


The accompanying schedule of Be- 
dell and Hatfield Award nominations 
was approved by the Federation Board 
of Control on Oct. 8, 1961. The award 
schedule is included for the current 
three-year period. Those Member As- 
sociations with changes in membership 
which place them in a different cate- 


: 
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Bedell and Haffield Award Schedule 


Date of Award is year submitted to Board of Control) 


Members | Future Schedule 
Nominations 
3 years 
9-30-60 9-30-61 1962 1963 1964 


Member Association 


Alabama 

4 Alaska 
Arizona 
Arkansas 
California 


Canada 
Central States 
Federal 
Florida 
CGieorgia 


Germany 
Indiana 

Iowa 

IPHE (England 


4 ISP (England 


Israel 

Kansas 
Kentucky-Tennessee 
Louisiana 
Maryland-Delaware 


Michigan 
| Mississippi 
Missouri 
Montana 
Nebraska 


$ New England 

New Jersey 

4 New York 

: New Zealand 
North Carolina 


North Dakota 
Ohio 

Oklahoma 

Pacifie Northwest 
Pennsylvania 


Puerto Rico 
Rocky Mountain 
South Carolina 
South Dakota 


Sweden 


Switzerland 

Texas 

Utah 

Virginia ) } 167 
West Virginia 11] 


Totals | 8,692 


* Year eligible to petition for nominations. 
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15 | 13 1 \ 4 
50 55 | \ 
36 | 35 | 
605 611 3 \ \ 
; 644 635 3 \ \ \ 4 
O17 3 \ \ \ 
92 | 83 | 
| ‘ | 
398 | 2 \ 
\ 
| | 
| 54 | 
t | 
0 | 7 | * 
| 16 | | 
Si 87 \ | 4 
306 | \ \ \ 
85 | } \ 
38 5 | 
66 | 74 | \ 
113 157 | 
\ \ 
330 346 | | 
661 715 \ 
| | 10 | /* 
1S 47 | 1 \ | 
Wo | 3 | \ \ \ 
73 | go | 1 . 
31 | 134 | 
58 | 68 | 
| 51 | \ 
} 125 | 125 | 
| | 
| | 
\ 
4 
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gory for award eligibility are included proved and announced dates and loca- 


in the future 


schedule. tious are: 


Kansas City in 1966 


The Meet Ine Place 


1962, Toronto, Canada, Royal York 


Hotel, Oct. 7-11. 


Committee ree- 


ommended, and the Board approved, 1963, Seattle, Wash., Olympic Hotel, 

Kansas City, Mo., as the 1966 meeting Oct. 6-10 ; 
place. The convention will be held 1964, Bal Harbour, Fla., Americana 

Sept. 25-29, 1966. usine the facilities Hotel, Sept. 27-Oct. 1. 

of the Municipal Auditorium and the 1965, Atlantic City, N. J., Traymore 


Muehlebach. 


Hotel 


Previously ap- 


Year 


Men 


1961 MEETING STATISTICS 


Comparative Registration Totals with Past Years 


Hotel, Oct. 10 14. 


1961 \Milwaukee 1,728*T 328 O56 

1960 Philadelphi 1.395 1,720 

1959 Dallas 1,035 237 1,272 

Detroit 258 13549 
* Includes womet operators, ete 


t Includes 262 one-day registrants 


REGISTRANT 


CATEGORIES 


Consulting Engineers 230 240) 170 164 
Municipal Officials | 26 10 1] 17 
Municipal Mgr., Supt., Engr., Chen 305 290 231 273 
Regulatory Personnel (Fed., State 142 138 105 4 
Teaching Personnel and Students L100 | OS 
Industrial Supt., Engr., Chem 167 138 G8 72 
Manufacturer’s Representatives 720 505 49 125 
Miscellaneous* 38 23 22 S 


Ladies 


Totals 


* Representatives of WPCI 


U.S 


. and Canada 


328 


2 056 


WsaWMA, AWWA, retired persons, 


ind persons who did not identify business 


outside 


foreign registrants 


= Location Ladies Total 
i 
j 
| Yea 
Cate 
i 
1960 1959 1958 
325 237 238 
| 


REPORT ON BOARD MEETINGS 


The Board of Control meetings dem- 
onstrated that the Federation truly is 
Repre- 
sentatives were on hand from member 
associations from Canada, England, 
Germany, Israel, New Zealand, Sweden, 
and Switzerland. 


an international organization. 


At this meeting significant changes 
in constitutional committee leadership 
were witnessed. 

As of the Com- 
mittee since the Federation’s beginning 
in 1928, William J. Orchard has ren- 
dered outstanding guidance in the pe- 
riod of formative and maturing growth 
of the Federation when his expert ex- 
The Fi- 
nance Committee is now privileged to 
be headed Robert F. Orth who is 
extremely well-fitted for the job of 
guiding the fiscal policies of the Fed- 
eration. 


Chairman Finance 


perience was most valuable. 


by 


George E, brought to a 


close his five years as Chairman of the 


Symons 


Publications and Program Committee. 
It is difficult to realize the amount of 
time and effort necessary to perform 
the enormous task of putting together 
The re- 
sponsibility for the expanding publica- 


the annual meeting program. 


tions also has been a challenging task. 
George Symons has performed in a 
Paul 
Chairman faces 
the same problems in addition to the 
hew 


flawless manner in these duties. 
Haney as incoming 
responsibilities of the inereasing 
needs of a growing organization. 

Special appreciation was extended to 
John W. Wakefield who ended _ his 
service as Chairman of the Organiza- 
tion Committee. B. A. Poole is the in- 
coming Chairman. 

Morris M. Cohn as Chairman of the 
and Industrial Wastes Prac- 
tice Committee for the past 19 years 
has performed outstandingly in guid- 
ing the extensive and comprehensive 


Sewage 


gram. Under his leadership 11 man- 
uals of practice have been published 
and several others are underway. As 
incoming Chairman, Don E. Blood- 
vood will assume the important task 
of continuing and expanding the man- 
ual of practice program as well as 
other professional or technical stand- 
ards for the Federation. 


H. Heukelekian completed his  il- 
lustrious service as Chairman of the 
Research Committee, a post he has 


held for the past eight years. During 
this time one of his most noteworthy 
accomplishments has been the annual 
Review of Literature published in the 
Journal. D. A. Okun accepted the 
Chairmanship of this important com- 
mittee. 

In a summary of the trend in mem- 
ber association name changes it was 
noted that 22 U. S. associations have 
changed their names to one ineluding 
‘*Water Pollution Control’? or a simi- 
lar name. These 22 associations repre- 
sent 75 per cent of the U. S. member- 
ship. 

An active public relations program 
was directed by Committee Chairman 
G. A. Howell and outlined in his re- 
port. News coverage was an _ over- 
whelming at the Milwaukee 
meeting. Two display booths demon- 
strating the activities of the Federa- 
tion and _ public materials 
were developed and used at several 
meetings throughout the year. 

The Board authorized the establish- 
ment of a Membership Promotion Com- 
mittee which will become active during 
the year. 


SUCCESS 


relations 


At the request of Finance Com- 
mittee Chairman Robert Orth, Bill 
Orchard presented the Committee’s 


proposed budget totaling $194,825, in- 
eluding $5,000 for transfer to surplus 


manual of practice publication pro- and $15,418 for publie relations and 
1309 
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The unaudited 
Sept. 30, 1961, 


operator advancement. 
net worth as of 
$126,417. 


Resolutions of appreciation were ex- 


Was 


pressed to the many who helped make 
the Milwaukee 
Special appreciation was ex- 
tended to the host Central States Sew- 
and Industrial Wastes Associa- 
tion; to the Local Arrangements Com- 


meeting a tremendous 


SUCCESS. 


age 
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mittee, William N. Konrad, Chairman ; 
the Ladies Entertainment 
Mrs. William Sivyer, 
the Milwaukee 
Ray D. 


General Manager. 


Committee, 
Chairman; and 
Sewerage 

Chief 


Commission, 


Leary, Engineer and 

A resolution was passed expressing 
sincere wishes for a speedy recovery 
to Don E. Bloodgood who suddenly be- 
came ill during the meeting. 


; af neal 
Whee. 
5 
4 
a 
be: 


NEW YEAR PREPARATIONS 


An Editorial 


The end of a year is a natural time 
to examine the year’s production and 
accomplishments. Our blessings are 
many and, in spite of trials and tribu- 
lations, we can all find much for which 
we can be justly thankful. 

As an organization, your edera- 
tion may also be thankful for steady 
progress and it can take pride in its 
achievements. More importantly it 
ean look to the future and find it both 
challenging and bright. It must al- 
ways be alert to the opportunities of 
service to the water pollution control 
field. 

We must remember that the Federa- 
tion is a service organization and that 
the better its service, the better for all 
associated with it. Federation publi- 
cations are for the benefit of the entire 
water pollution control field, of which 
the membership is the solid core. <A 
regular and valuable membership serv- 
ice is the complete biennial membership 
directory. The next printing will be 
as Part 2 of the March 1962 Journal. 

It is the responsibility of the Journal 
staff to print this Direetory as aceu- 
rately as possible. This is a most 
painstaking task because of the seem- 
ingly infinite detail of the members’ 
titles, addresses, and member associa- 
tion affiliation. To assist with this 
information, we urgently request you 
to inform the Federation office of any 
change in your job title, employer, 
or address at any time this occurs. 
Please always supply your current ad- 
dress, as this is the key to your ecard 


location in the file. For the 1962 Di- 
rectory, however, it is urgent that this 
information be correct and in the of- 
fice of the Federation as promptly as 
possible. If you were listed with any 
inaccuracies in the Directory of March 
1960 and/or the Supplementary Di- 
rectory in March 1961 and you have 
not taken the trouble to correct this 
information on file since that time, you 
are urged to send this in as promptly 
as possible. Such information should 
be available in the Federation office 
early in January, though we realize 
this may appear to be an unreasonably 
early date. Our primary appeal is for 
you to send such changes promptly and 
you are assured we will do all possible 
to handle the information correctly. 

Finally, we wish to urge all Federa- 
tion members to send 1962 dues to 
their member association seeretary in 
ample time for him to forward the 
Federation portion of the dues to 
reach here by January 31. This will 
assure the crediting of your 1962 dues 
without the danger of interrupting 
your subscription and will save the 
cost and labor of cutoff and later res- 
toration. Prompt payment not only 
inereases efficiency and economy but 
reduces the danger of processing er- 
rors. 

The Federation wishes to give you 
complete service. Your cooperation in 
these details will be greatly appreci- 
ated. 

R. E. F. 
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NEWS AND NOTES 


People and Events in the Wastewater Field 


Among the top ten publie works men in 
L960) as Publie 
Works Association four prominent 
Federation members: David V. Auld, Di- 
rector of Sanitary Eng 
ment of the District of Hugh 
A. Benner, Director of Public Works. 
Saginaw, Mich.; Robert H. Hess, Director 
of Water and Sewage, Wichita, Kans.; and 
David B. Lee, Director, Bureau of Sani 


Florida State Board ot 


chosen by the American 


were 
ineerine, Govern 


Columb 2 


tary Engineering 
Health. 

Frank L. Heaney has joined the staff of 
Camp, Dresser & McKee, Boston, Mass. 
He formerly was a senior engineer with 
Fay, Spofford & Thorndike, Inc., of 
Boston. 

Jesse H. Barlow, Superintendent of the 
Treatment Plant Division of the Metro 
politan St. Louis Sewer District became the 
first recipient of the Annual Citation of the 
Missouri Water Pollution Control Associa 
tion. 

William C. Gibson, Associate Professor 
of Public Health Engineering at the Uni 
versity of Michigan School of Publie 
Health, died recently. 

David S. Caverly and George M. Ga- 
limbert have Assistant Gen 
eral Ontario Water Re 
They also will econ 
bilities, Mr. 
Plant Opera 
d Mr. Galimbert as Diree 
tor of the Sanitary Engineering Division. 
In the ‘ization K. H. Sharpe 
has been named Assistant Director of the 
Sanitary Engineering Division and K. E. 
Symons has been appointed as Assistant 
Director of the Water Resources Division. 

Roy B. Everson, founder of Everson 
Manufacturing o.. died recently. He 


was one of the pioneers in the development 


beer named 


Managers of the 
sources Commission. 
tinue their former 


Caverly as 


respons 
Director ol the 


tions Division a 


Same orgal 


of chlorination equipment. 
Cincinnati recent dedicated its new 
Muddy Creek Sewage Works. 
John T. O’Connor has been appointed 
as Assistant Sanitary 


Professor of Engi 


neering in the Department of Civil Engi- 
neering at the University of Illinois. 
Gerald H. Teletzke has joined the 
Zimpro Division of Sterling Drug, Inc. 
He has Director of Sanitary Engi 
neering Research for Eimco Corporation. 
Oswald H. Scott, General Manager and 
Belleville 
Ont., has 
with the 


been 


Secretary of the tilities Com 


mission, Belleville, retired after 


1S vears of service Commission 
and its predecessors. 

Rolf Eliassen, Professor of Civil Engi- 
neering at Stanford University, has been 
admitted to partnership in the firm of 
Metcalf & Eddy, Boston, Mass. He will 
be Resident Partner 
in Palo Alto, Calif. 

Blucher A. Poole, State Sanitarv Engi 
neer of the Indiana State Board of Health, 
has been elected Chairman of the Steering 
Committee of the State and Interstate Wa 
ter Pollution Control Administration, sue 
ceeding Milton P. Adams, Executive See- 
retary of the Michigan Water 


Commission. Mr. Poole also 


n the firm’s new office 


Resources 
is Chairman 
of the Federation Organization Committee. 

C. Fred Gurnham has resigned 
Michigan State Professor 
and Head of the Department of Chemical 
Engineering. He will 


trom 
University as 
practice as a con- 
sulting chemical and sanitary engineer, spe 
cializing in the field of industrial 

Bruce M. McDill, Chief of the 
and Industrial Wastes Unit of the Division 
of Sanitary Engineering of the Ohio De 
partment of Health, recently retired after 
36 vears with the Department. Since the 
Water Pollution Control Board was begun 
in 1951, he has been its principal advisor 


wastes. 


Sewage 


on industrial waste problems. 

Infilco Inc. has consolidated all its mu- 
nicipal water and sewage treatment opera 
tions in the U.S. and Canada into a newly 
formed Public Works Department. G. E. 
Hauer will manage the new department. 

David W. Carmichael recently 


20 years 


ended 
as borough engineer of Verona, 
N. J. to return to private consulting prae- 


tice and to resume graduate study. 
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Varec eliminates ignition problems with its new, flare type 
Fig. No. 239 Waste Gas Burner. The burner’s unique “cur- 
tain of flame” provides dependable ignition no matter how 
variable the flow of gas through the burner. There is no 
loss of pilot flame due to down draft. 


Other outstanding features of the new unit include its high 
burning capacity...an adjustable shutter on the air mix 
chamber that regulates draft...ahigh pedestal, packed with 
insulation to prevent freezing...and rugged construction, 
with all parts made of steel, stainless steel or heat-resistant 
cast iron. For critical service, sensing and ignition elec- 
trodes are available for remote or automatic pilot control. 
For full information on the Varec Waste Gas Burner—or 
Varec’s complete line of advanced design gas control equip 
ment, write for Catalog S-4, Dept. JWP-1222-9 


THE VAPOR RECOVERY SYSTEMS COMPANY 
2820 North Aiameda Street » Compton, California 


Branches and Representatives in Principal Cities 
TRADE @ MARK 
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DESIGN MANUALS 


TREATMENT PLANT 
DESIGN 


* SEWER DESIGN AND 
CONSTRUCTION 


COMPANION VOLUMES 


taining 283 pages of comy 


IN THE 


information luding more 


FEDERATION 


illustration WPCF MOP 9 


MANUAL 


Each manual is offered to membe 


SERIES 
$3.50, and to others at $7.00 


(Produced jointly 


with ASCE 


yee Publications Page in this 


jetails and convenient 


WATER POLLUTION CONTROL FEDERATION 


4435 Wisconsin Avenue Washington 1¢ 
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EQUIPMENT AND SUPPLIES 


New Catalog—Describes available 
sluice gates and auxiliary equipment 
as well as giving a great deal of tech- 
nical flow data. 212 pages. Rodney 
Hunt Machine Co., Orange, Mass. 

Level Control—A fail-safe material 
level control, reported to be simple, 
positive and fail safe, is now being 
marketed. It consists of a stainless 
steel probe that is sensitive to the ma- 
terial surrounding it. Changes alter 
the electrical capacitance that operates 
the control relays. Explosion proof, it 
is useful in liquid or solid materials. 
Flo-Tronies, Ine., 712 West Ontario 
Ave., Minneapolis 3, Minn. 

Split-Case Centrifugal Pumps— 
New eight-page bulletin illustrates and 
deseribes the complete line of Hori- 
zontal Split-Case Pumps manufactured 
by the Aurora Pump Division, New 
York Air Brake Company, Aurora, Tl. 

Flow Distribution Nozzle—A distri- 
bution nozzle that adjusts automati- 
cally to the sewage flow to spread the 
flow equally over the filter bed is an- 
nounced by the American Well Works, 
Aurora, Il. 

Variable-Speed Control—A new bal- 
ance-beam control for variable-speed 
drives. This device, utilizing an upset 
balance principle, adjusts the pumping 
eapacity. The Servy-trol bulletin is 
available from Healy-Ruff Company, 
2285 University Ave., St. Paul 14, 
Minn. 

Elapsed-Time Meter—-A new 
elapsed-time meter for timing of serv- 
icing and maintenance of equipment is 
available in several sizes and designs 
for panel or separate mounting. Gen- 
eral Electric, Schenectady 5, N. Y. 

Portable pH Meter—A new meter 
features a + 500 millivolt scale and a 
shock-resistant full-range electrode. 
Model Electrion II reportedly gives ae- 
curate and constant readings. Sel-Rex 
Instruments Division, The Meaker 
Company, Nutley, N. J. 


Plastic Filter Media— A new plastic 
packing for efficient treatment of water- 
borne wastes in trickling filters is now 
being produced by Dow. Special con- 
figuration of the Saran sheets, corru- 
gated in two directions, is designed to 
distribute the liquid over large surface 
areas and still provide a high percentage 
of void space for natural draft ventila- 
tion. Complete information, including 
documentation of pilot-plant studies, 
may be otained from Dow Industrial 
Service, Division of the Dow Chemical 
Company, 20575 Center Ridge Rd., 
Cleveland 16, Ohio. 


Combination Refrigerator and 
Freezer—A new cabinet-sized refrig- 
erator, 34% in. high by 23 in. wide by 
20 in. front to back, providing 4 eu ft of 
space, is being produced by Fisher Sei- 
entific. A standard bench-top can be 
installed without contact to the unit to 
minimize vibration and disalignment. 
Fisher Scientific Co., 419 Fisher Build- 
ing, Pittsburgh 19, Pa., or in Canada 
8505 Devonshire Rd., Montreal 9, Que- 
bee. 
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WATER POLLUTION CONTROL PRODUCT GUIDE 


list was derived by 


year are included. 
this issue. 
of JOURNAL, 


sentative. 


This list of products and services is offered as an information aid. 
solicitation from those firms listed. 
make every effort to keep this list current with the help of 
bers and advertisers. All Associate Members and all advertisers for the past 
Many of the services and products are advertised in 
For an alphabetical listing see Index to 

Write to the Federation office for complete address and repre- 


The 
JOURNAL will 
Associate Mem- 


The 


Advertisers in back 


Aerators (also see Diffusers, 

Alpha Ltd. (Switzerland) 

American Well Works 

Chicago Pump Co 

Dorr-Oliver Inc. 

Eimco Corp. 

Graver Water Conditioning Co 

Infileo Inc. 

Link-Belt Co 

Pacific Flush Tank Co 

Permutit Co., Div 
mutit Inc 

Smith & Loveless 

Walker Process Equipment Inc 

Wemco Div., Western Machinery Co 

Yeomans Brothers Cx 


Air) 


Agitators 
Link-Belt Co. 


Alr Cleaning Equipment 
Westinghouse Electric Corp 


(also see Blow- 
and Fans) 


Air Compressors 
ers, Compressors, 

& hicago Pump Cx 

Morse & Cx 

Ingersoll-Rand Co. 

Komline Sariderson Engr. Corp 

Worthington Corp 

Yeomans Brothers C¢ 


Alr Diffusers (see Diffusers, Air) 


Asbestos Cement Pipe Products 
Filtration Equipment Corp 

Industrial Materials 

Johns-Manville Sales Ci rp 

Keasbey & Mattison Co 


Ash Handling Equipment 
Link-Belt Co 


Bearings 
Link-Belt Co. 


Bins, Storage (see Tanks) 


Biologists (see Professional Services, 
elsewhere in this issue) 


Blowers (also see 
Compressors, 
Chicago 
ingersoll- 
Roots-Conners rsville Blower, 
Dresser — tries Inc 
Sutorbilt Co 
Walker Process Equipn 
Yeomans Brothers Cx 


Boilers 
Combustion Engineering, Inc 


Air Compressors 
and Fans) 


Div. of 


Building Maintenance 
ment and Supplies 
Homestead Valve Mfg. Co 


Equip- 


Cast Iron Pipe Products 
American Cast Iron Pipe Cx 
Cast Iron Pipe Research Assn 
Industrial Materials Co 


of Pfaudler Per- 


U. S. Pipe & Foundry Co 
R. D Wood Co 


Cement (see Concrete) 


Centrifuging Equipment 

Bird Machine Co. 

Permutit Co., Div. 
mutit Inc 


of Pfaudler Per- 


Chains 
Chain Belt Co 
Link-Belt Co 


Feed Equipment 
B s-Providence Div., B-I-F In- 
strive 
Capital Controls Co 
Eir Corp 
Fischer & Porter Cx 
Graver Water Conditioning Co 
Inc 
Mig. Co 
ine-Sanderson Engr 


Inc 


Corp 


y., B-I-F Industries 
Co., Div. of Pfaudler 
Inc 


yneers Div., B-I-F 
ace & Tiernan Inc 


Per- 


roporti 


Industries 


Chemicals 

Brooks Chemicals, Inc 

Dow Industrial Service 

Fisher Scientific Co 

General Chemical Div., 
ical Corp 

Hach Co 

Tennes 


Allied Chem- 


Chemists (see Professional Services, 
elsewhere in this issue) 

Chlorination Equipment 

B i ler s- Providence Div., B-I-F In- 


ail ntrols Co., 

er & Porter Co 
Graver Water Conditioning Co 
Wallace & Tiernan Inc 
Zimmer & Francescon 


Inc 


Clarifier Equipment (also 
Sedimentation Equipment) 

A} Ltd. (Switzerland) 

1 Well Works 
Carter Co 

Co 

Pump Co 


see 


An 
Ral 


Chain 
Chicag 
Dorr-Oliver Inc 

Eimco Corp 

Graver Water Conditioning Co 


Hardinge Co., Inc 

Infilco Inc. 

Jeffrey Mfg. Co. 
Komline-Sanderson Engr. Corp 
Lakeside Engineering Corp. 
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Link-Belt Co. 
Permutit Co., 
mutit Co 


Div. of Pfaudler Per- 


| Walker Process Equipment Inc. 


Yeomans Brothers Co. 
Clay Pipe Products 

W. S. Dickey Clay Mfg. Co. 
Industrial Materials Co. 
National Clay Pipe Mfrs., Inc. 
Robinson Clay Product Co. 


Coatings and Linings (Pipe and 
Tank) 
Amercoat Corp 
Centriline Corp. 
Inertol Co., Inc 
Koppers Co., Inc 
Lock Joint Pipe C 
National Water Main Cleaning Co 
Stebbir s Engr. & Mfg. Co 
Comminutors (also see Shredders 
and Grinders) 
Alpha Ltd. (Switzerland) 
merican Well Works 
hicago Pump Co 
Dorr-Oliver Inc 
Gruendler Crusher & Pulverizer Co. 
Infilco Inc 
Jeffrey Mfg. Co. 
Smith & Loveless 
Walker Process Equipment Inc. 
Worthington Corp. 


Compressors 
( hic ago Co 


‘ mnersville Blower, 
Dres ser Industries Inc. 

Worthington Corp 

Yeomans Brothers ‘Co 


Computers 
Minneapolis-Honeywell Regulator Co., 
Brown Instruments Div 


Concentrators (see Sludge Concen- 
trators) 


Concrete 
Portland Cement Assn 


Concrete Pipe Products 

American Concrete Pressure 
Assn 

Industrial Materials Co. 

Lock Joint Pipe Co 

Price Brothers Co 


Pipe 


Construction Equipment 
Chain Belt Co 

Eimco Corp. 

Ingersoll-Rand Co. 
Worthington Corp 


| Li 
Omega 
Permut 
te 
| 
i Co 
— 
| 
| 
= 
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WPCF publications’ 


Safety in Wastewater Works 


Information on hazards, accident statis 
tics, rescue methods, safe practices, and 
equipment. 56 pages. $0.75 to members; 
$1.50 to others. Item MOP-1.* 


Utilization of Sewage Sludge as 
Fertilizer 


An authoritative evaluation of advan- 
tages and limitations of sludge as a soil 
conditioner, 120 pages. $0.75 to mem- 
bers; $1.25 to others. Item MOP-2.* 


Air Diffusion in Sewage Works 


History and modern practice in design, 
installation, operation, and maintenance of 
diffuser systems and appurtenances. 75 
pages. $1.00 to members; $1.25 to others. 
Item MOP-5.* 


Units of Expression for Wastes 
and Waste Treatment 

Lists of recommended units for quantities 
ordinarily encountered in wastes and waste 


treatment. 8 pages. $0.25 to members; 
$0.50 to others. Item MOP-6.* 


Sewer Maintenance 

A guide for maintaining a municipal or 
industrial drainage system in serviceable 
condition. 64 pages. $1.00 to members; 
$1.50 to others. Item MOP-7.* 


Sewage Treatment Plant Design 
with ASCE. Detailed 
subject. 375 pages. 
$7.00 to others. Item 


Prepared jointly 
presentation of the 
$3.50 to members; 
MOP.8.* 


Design and Construction of 
Sanitary and Storm Sewers 


Prepared with ASCE. Detailed 
presentation of the subject. Issued early 
in 1960, now reprinted with extensive cor- 
rections to several pages. (Complimentary 
reprint of the corrected pages available 
for 1960 edition 283 pages. $3.50 to 
$7.00 to others. Item MOP-9.* 


jointly 


members 


Uniform System of Accounts for 
Wastewater Utilities 

A completely revised, 72-page manual 
of the 1949 accounting manual. Provides 
the entire accounting procedure for a 


utility. $2.00 for members; $3.00 for 
others, MOP-10.* 


Operation of Wastewater 
Treatment Plants 

Recently serialized in Journal, now bound 
as a monuol. Tremendously helpful for 
plant operators, with nearly 200 pages, 
fully illustrated. $2.00 for members; $3.00 
for others. MOP-11,* 


Twenty-Year Index to Sewage 
Works Journal 


Covers Sewage Works Journal, 1928- 
1948. Author, subject, and geographic. 
144 pages. Buckram bound, $3.00. Item 
Dex-20. 


Ten-Year Index to Sewage and 
Industrial Wastes 
Covers Sewage and Industrial Wastes, 


1949-1958. Author, subject, and geo- 
graphic. 168 pages. Buckram, $4.00; heavy 
paper, $3.00. Item Dex-10. 


Glossary—Water and Sewage 
Control Engincering 
Prepared jointly by the Federation, ASCE, 


AWWA, and APHA. 2,600 terms per- 
taining to nomenclature. 274 pages. 
$1.00. Item GI. 
Binder 

Multiple wire, 2-in. capacity, for all 
MOP’s listed except 8 and 9. $2.00. 
Item Bi.* 


* Discount of 15° on orders for 12 or 
more of any one manual. 


Water Pollution Control Federation 
4435 Wisconsin Avenue, Washington 16, D. C. 


Item Copies Cost Item 
MOP-1 MOP-8 
MOP-2 MOP-9 

“MOP-5 MOP- 10 
MOP-6 MOP-il 
“MOP-7 


Enclosed is remittance for $ 


Copies 


If an invoice is necessary, postage will be added. Checks may be made payable to WPCF. 


Member Association 


Name 


Street 


(Please Print) 


Copies 
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Controls (also see Instruments, Re 
cording and Control) 

Builders-Providence Div., 
dustries 

Capital Controls Co., Inc. 

Chicago Pump Co. 

Fischer & Porter Co. 

Foxboro Co. 

General Electric Co 

Homestead Valve & Meter Co 

Infilco Inc 


Minneapolis-Honeywell Regulator Co., 


Brown Instruments Div 
Ohmart Corp. 
Penn Instruments Div., 
Co 
Permutit Co., Div. of 
mutit Co. Inc. 
Rockwell Mfg. Co. 
Wallace & Tiernan Inc 
Westinghouse Electric Corp. 
Worthington Corp. 


Conveyors 

American Well Works 
Chain Belt Co. 
Chicago Pump Co. 
Jeffrey Mig. Co. 
Link-Belt Co. 

Stuart Corp. 


Corrosion Protection 
Amercoat Corp. 

Chicago Pump Co 

Inertol Co., Inc 
Johns-Manville Sales Corp. 
Koppers Co., Inc 

Lock Joint Pipe Co 

A. O. Smith Corp 

Wallace & Tiernan Inc 


Couplings 
Link-Belt Co. 


Diffusers, Air (also see Aerators) 
Alpha Ltd. (Switzerland) 
American Well Works 
Carborundum Co 

Chicago Pump Co 

Dorr-Oliver Inc 

Eimco Corp 

Infilco Inc 

Lakeside Cx 

Link-Belt Co 

Pacific Flush Tank C 

Walker Process Equipment Inc 
Wemco Div., Western Machinery Ce 


Diffusers, Gas (also see 
American Well Works 
Carborundum Co 

Chicago Pump Co. 

Eimco Corp. 

Infilco Inc 

Walker Process Equipment Inc 
Yeomans Brothers Co 


Aerators) 


Digestion Tank Equipment 
Alpha Ltd. (Switzerland) 
American Well Works 

Ralph B. Carter Co. 

Chicago Pump Co. 

Dorr-Oliver Inc. 

Eimco Corp 

Gorman-Rupp Co. 

Hardinge Co., Inc. 

Infilco Inc 

Jeffrey Mfg. Co. 

Lakeside Engineering Corp 
Link-Belt Co 

Pacific Flush Tank Co 

4. O. Smith Corp. 

Smith & Loveless 

Varec, Inc 

Walker Process Equipment Inc. 
Yeomans Brothers Co 


Distributors, Rotary 
Alpha Ltd. (Switzerland) 
American Well Works 
Ralph B. Carter Co. 
Dorr-Oliver Inc. 

Eimco Corp. 


Penn Meter 


Pfaudler Per- 
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Infilco Inc 

Lakeside Engineering Corp. 
ink-Belt 

hc Flush Tank Co 

Smith & Loveless 
Walker Process Equipment Inc 
Yeomans Brothers Co 
Dryers 
Ip! (Switzerland) 

yn Engineering, Inc 
rp 
linge Co., Inc 
line-Sanderson Engr. Corp 


& Research Corp 


Ejec tors 
K 


ne-Sar der Engr. Corp 
Sr it & Lovele 

Tex-Vit Mig Co 

Yeomans Brothers Co 


E nginee rs (see Professional Services, 
elsewhere in this issue) 

Engines (Sludge Gas and Pe- 

Fuels) 

air i 


& Co 


(also see Air 
and 
gi neering Corp 
e Electric Corp 


Compressors 
mpressors ) 


ly 


key Clay Mfg. Co 


4 Service 


1ipment Corp 
Materials Co 
Ir 
& Mattison Co 


né-Sar lers 


SEPP RST IES 


I liter r Mz ateris als 

Carb im C¢ 

Filtrati Equipment Corp 
Graver W ter Conditioning Co 
Industrial Materials Cc 
Johns-Manville Sales Corp 
Filters, Diatomaceous Earth 
Graver Water Conditioning Co 
Yeomans Brothers Co 


Filters, Vacuum (also see Vacuum 


portioneers Div., B-I-F Industries 
F loc ulating Equipment 

pha Ltd. (Switzerland) 
Ame Well Works 
B. Carter 
Chain Belt Co 
orr-Oliver Inc 
Ein Corp 
Graver Water Conditioning Co 
Hardinge Co., Inc 
Ir 
Jef 
I 
Li 


ngineering Corp 
nk 


Permutit Co., Div. of Pfaudler Per- 
mutit Inc. 

Stuart Corp. 

Walker Process Equipment Inc. 


tation 
"ha 


ter Conditioning Co 
ine-Sanderson Engr. Corp. 
eomans Brothers Co 
Flow Measurement 
Filtration Equipment Corp 
F. B. Leopold Co., Inc 
Penn In 


truments Div., Penn Meter 


Gas Control Equipment 
ha Ltd. (Switzerland) 
Car ter Co 
‘ump Co 
De rr Ol iver Inc 


tead Valve Mfg. Co 
Flush Tank Co. 

Instruments Div., Penn Meter 
Ce 

Rockwell Mfg. Co. 

Varec, Inc. 

Walker Process Equipment Inc 

Gas Diffusers (see Diffusers, Gas) 

Gas Holders, 
purtenances 

Ralph B. Carter Co 

Chicag ump Co 

Dorr-Oli Inc 

Ein Corp 

Johns-Manville Sales Corp 

Walker Process Equipment Inc 


Boilers, and Ap- 


Gaskets 
Johns-Manville Sales Corp 
Keasbey & Mattison Co 


Gates 
Armco 
Ir 


Drainage & Metal Products, 
ation Equif 
ndustrial 
Gates 


yment Corp 
{ aterials Co 
& Valves, Inc. 


Generators 
banks, Morse & Co 
Electric Co 
house Electric Corp. 
ington Corp. 


Grease Control Materials 
Rhodia Inc. 
Grinders (also see Shredders and 
ders) 
Ltd. (Switzerland) 
in Well Works 
Belt Co 
iver Jt 
isher & Pulverizer Co 
f Cc 
Brothers Co 


Grir 


Grit Collection and’ Condition- 
ing Equipment 

Alpha Ltd. (Switzerland) 

American Well Works 


Stu art C orp. : 

Walker Process Equipment Inc. 

Grounds Maintenance Equip- 
ment and Supplies 

Homestead Valve Mfg. Co 


$3 
| 
| 
Nichols Engr. 
Stuart Corp 
Wa 
| Worthington i 
| Fans 
Blow 
| Chicag 
| Lakeside 
| West | 
iver I 
Indust 
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gr. Corp. 
ee Engr. & Research Corp S 
(A Flush Tank Co : 
& Loveless 
ng Filter Floor Inst i 
| er Proce Equipment Inc 
te | ins Brothers Co 
| 
Filters) 
Bird Machine Co. 
Dorr-Oliver Inc 
Cha ( 
| Chicago Pump Co. 
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PROCEEDINGS OF MEMBER ASSOCIATIONS 


CALIFORNIA WATER 
POLLUTION CONTROL 
ASSOCIATION 


The 33rd Annual Conference of the 
California Water Pollution Control As- 
sociation was held in Santa Moniea, 
Calif., Apr. 26-29, 1961. The Califor- 
nia Sewage and Industrial Wastes As- 
voted overwhelmingly — to 
adopt the new name. 

The meeting was opened by Ray E. 
Lawrence, WPCF President, who also 
spoke at the Awards Luncheon. The 
theme of the technical was 
‘*Sanitation in the Sixties.’’ 

Papers given include the following: 


sociation 


session 


‘Casting Industrial Discharges in 
Proper Perspective—A Case History 
of the Pulp and Paper Industry of the 
Northwest,’’ by Vinton Bacon, Execu- 
tive Secretary, Northwest Pulp and Pa- 
per Aaseaaiatieon, Tacoma, Wash. 
Industrial Wastes to 
Meet Changing Regulatory Standards,”’ 
by Harvey Ludwig, President, Engi- 
neering Science, Ine., Areadia, Calif. 

‘*Sewage and Refuse—Related 
Wastes,’’ by Robert D. Bargman, As- 
sistant Director, Bureau of Sanitation, 
Soard of Public Works, Los Angeles, 
Calif. 


| rocessing 


In addition to the technical sessions, 
concurrent schools were held on treat- 
ment plant operation and sewer main- 
tenance. Breakfasts for different spe- 
cialists were given to afford groups the 
opportunity to discuss matters of com- 
mon concern. 

Sydney Preen received the Bedell 
Award for outstanding service to the 
CWPCA. He is presently Superin- 
tendent of Sewer Maintenance for the 
City of Long Beach. 

The William D. Hatfield Award was 
presented to William R. Teague, Man- 
ager of the Indio Sanitary District, for 
outstanding sewage treatment plant 
operation. 


New officers are: 
President: Elmer E. Ross, Oakland. 
First Vice-President: Paul V. Hen- 
nessy, Laguna Beach. 
Second Vice-President: Erman A. Pear- 
son, Berkeley. 
Secretary-Treasurer: Steven H. Good- 
man, Campbell. 
StevEN GoopMAN 
Secretary-Treasurer 


ARIZONA SEWAGE AND 
WATER WORKS 
ASSOCIATION 


The Arizona Sewage and Water 
Works Association, Member Associa- 


tion of the Water Pollution Control 
Federation and the Arizona Section, 
AWWA, held their annual meeting on 
Apr. 20-22, 1961, at the Hotel Super- 
stition Ho, near Phoenix. 

A total registration of 296, consist- 
ing of non-members, and 
guests represented an increase of 5.7 
per cent over the paid registration at 
last year’s annual meeting. 

Prior to the official opening of the 
meeting, an eighteen hole golf tourna- 
ment was held on Thursday morning at 
the Apache Country Club. There were 
48 enthusiastic participants. (They 
had to be enthusiastic to tee off at 6:30 
AM.) 

Ray E. Lawrence, President of the 
Water Pollution Control Federation, 
represented the Federation. R. J. 
Faust, Executive Secretary of AWWA, 
was also present. The opening lunch- 
eon included a weleoming address by 
Boyd H. Gibbons, Jr., Special Assist- 
ant to Governor Fannin for Industrial 
Development. Mr. Gibbons spoke on 
the remarkable rate of population 
growth in Arizona in recent years. He 
attributed this growth in the main to 
a tax structure favorable to industrial 
development, a desirable and healthy 


members, 


(Continued on page 709a) 
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Heating Equipment for Diges- 
ters and Buildings 

Alpha Ltd. (Switzerland) 

Ralph B. Carter Co. 

Chicago Pump Co. 

Dorr-Oliver Inc. 

Eimco Corp. 

General Electric Co. 

Infilco Inc. 

Link-Belt Co. 

Pacific Flush Tank Co 

Walker Process Equipment Inc 


Incinerators 

Combustion Engineering, Inc 
Nichols Engr. & Research Corp 
Walker Process Equipment Inc 
Zimpro, Div. of Sterling Drug 


Insect Control 
Brooks Chemicals, Inc. 


Inspection, Sewers 

Centriline Corp 

Inspectoline Inc 

National Water Main Cleaning Co 


Instruments, Recording and 
Control (also see Controls and 
Recorders) 

Builders-Providence Div., B-I-F In- 
dustries 

Fischer & Porter Co. 

Fisher Scientific Co. 

Foxboro Ce 

General Eiec ctfic Co. 

Hach Co. 

Infilco Inc 

Minneapolis-Honeywell Regulator Co., 
Brown Instruments Div 

Ohmart Corp. 

Penn Instruments Div., Penn Meter 
Co. 

Rockwell Mfg. Co 

Wallace & Tiernan Inc. 

Westinghouse Electric Corp. 


lon-Exchange Equipment 

Brooks Chemicals, Inc. 

Permutit Co., Div. of 
mutit Inc 

A. O. Smith Corp. 


Jointing Materials 

American Concrete Pressure 
Assn 

W. S. Dickey Clay Mig. Co 

Keasbey & Mattison (¢ 

National Clay Pipe Mir Inc 

Robinson Clay Product Co 


Joints, Mechanical 
American Cast Iron Pit ye Co 
W. S. Dickey Clay } 
Johns-Manville 

Robinson Clay 

Smith-Blair, Inc 

U. S. Pipe & Foundry Co 


Laboratory 
Supplies 
Filtration Equipment Corp 

Fisher Scientific Co 

General Chemical Div., A 
ical Corp 

Hach Co 

Stuart Corp. 


Equipment 


llied Chem- 


Lift Stations 
Davco Corp. 

Smith & Loveless 
Tex-Vit Mfg. Co 
Yeomans Brothers Co. 


Lighting Fixtures 
General Electric Co. 
Westinghouse Electric Corp 


Lubricants 
Homestead Valve Mfg. Co. 
Johns-Manville Sales Corp 


Pfaudler Per- | 
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Manhole and Inlet Castings 
Varec, Inc. 


Masonry Building Materials 
Price Brothers Co. 


Meter Boxes 
Johns-Manville Sales Corp. 


Meters (Sewage, Sludge, Water, 
Air, and Gas) 
1ilders-Providence Div., B-I-F In- 


dustries 

h B. Carter Co. 
tration Equipment Corp. 
b Cc 


ipolis-Honeywell Regulator Co., 
n Instruments Div 

Instruments Div., Penn Meter 
ockwell Mfg. Co. 

Roots-Connersville Blower, Div. of 
Dresser Industries Inc 

Simplex Valve and Meter Co. 

Worthington Corp. 


Mixing Devices 
Alpha Ltd. (Switzerland) 
neric an Well Works 


Walker Process Equipment Inc 
Wemco Div., Western Machinery Co. 
Motors 
Pump Co. 
Mc Irse & Co. 


p. 
tinghouse Electric Corp. 
Worthington Corp. 


Nozzles, 


Spr 
pray 


Spray 
Engineering Co. 


Odor Control Materials 
Air nc 
Chemicals, Inc. 


I 
I 
Rhodia In 
Tenr ee 
lace & Tiernan Inc. 


Corp 


Odor Counteractants 


k: Chemicals, Inc. 
x, In 


Package Treatment 
hain Belt Co. 
1icago Pump Co. 
rr-Oliver Inc. 


icipal Service Co. 

1 & Loveless 
ker Process Equipment Inc 
ans Brothers Co. 


Packing 
Johns-Manville Sales Corp 
Keasbey & Mattison Co. 


Paints and Protective Coatings 
mercoat Corp. 

Inertol Co., Inc 

Koppers Co., Inc 

Smith & Loveless 


Pipe, Asbestos Cement 
Industrial Materials Co. 
Johns-Manville Sales Corp. 
Keasbey & Mattison Co. 


pee Cast Iron 

American Cast Iron Pipe Co. 

Cast “Tron Pipe Research Assn 
Pipe Div., Griffin Wheel Co 
trial Materials Co. 

Pipe & Foundry Co. 
Wood Co 


Pipe, Cla 

W. S. Dickey Clay Mfg. Co. 
Industrial Materials Co. 
National Clay Pipe Mfrs., Inc. 
Robinson Clay Product Co. 


Pipe Cleaning 

Centriline Corp 

Flexible Inc 

Home tead Valve Mfg. Co. 

In pecto line Inc. 

National Water Main Cleaning Co. 
W. H. Stewart, Inc 


Pipe Coatings and Linings 
Amercoat Corp. 

American Pipe & Construction Co. 
Centriline Corp 
5 ppers Co., Inc 

Lock Joint Pipe Co. 
National Water Main Cleaning Co. 


Pipe, Concrete 

American Concrete Pressure Pipe 
As 

Pipe & Construction Co. 

Lock Joint Pipe Co. 

Price Brothers Co. 


Pipe, Fiber 
Sonoco Products Co 


Pipe Fittings 

American Cast Iron Pipe Co. 

Cast Iron Pipe Research Assn 

W. S. Dickey Clay Mfg. Co. 

Griffin Pipe Div., Griffin Wheel Co. 

Keasbey & Mattison Co 

Price Brothers Co. 

Robinson Clay Product Co. 
-Blair, Inc 
Pipe & ey Co 
Wood C 

Pipe Jointing Materials (see 

Jointing Materials) 


Pipe, Plastic 
Amercoat Corp 
Evanite Plastic Co. 
Lock Joint Pipe Co. 


Pipe, Repairs 
Centriline Corp 
Smith-Blair, Inc. 


Pipe, Steel 
American Pipe & Construction Co. 
Drainage & Metal Products, 


bey & Mattison Co 
Smith Corp 


Plastic Pipe Products 


A merc coat 


Keas bey & Mattison Co. 
Lock Joint Pipe Co 


Publications 

American City Magazine 

Engineering News-Record 

Liverpool University Press (England) 
Public Works Magazine 

Wastes Engineering Magazine 

Water & Sewage Works 


Pump Controls 
Builders-Providence Div., 
cago Pump Co. 
cher & Porter Co 
Foxboro Co 
General Electric Co. 
Minneapolis-Honeywell Regulator Co., 
Brown Instruments Div 
Penn Instruments Div., 
Co 
Rockwell Mfg. Co 
Smith & Loveless 
Westinghouse Electric Corp. 
Worthington Corp. 
Pumps, Airlift 
Davco Corp. 
Walker Process Equipment Inc. 


B-I-F In- 


Penn Meter 
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climate, availability of skilled labor, a 
right to work law, and probably most 
important the trend of the newcomers 
toward a revival of the free enterprise 
system. 

Ray Lawrence, the principal speaker 
at the Thursday luncheon, was formally 
introduced by E. O’Neal Dye, Director 
on the Federation Board of Control. 
Mr. Lawrence reviewed the accomplish- 
ments of the Federation and stressed 
what he termed a ‘‘milestone of prog- 
ress’’ in the drafting and adopting of 
the 13 point Policy Statement on Water 
Pollution Control at the 33rd Annual 
Meeting in Philadelphia on Oct. 6, 1960. 
He stated that this statement has put 
forth the position and aim of the Fed- 
eration for the first time. Mr. Lawrence 
also expressed himself as being pleased 
with the progress the Arizona Section 
has made in the voluntary certification 
of operators program. He stressed the 
value of the Operators Manual sections 
in the Federation Journal, in connec- 
tion with this certification program. 

Mr. Lawrence presented the William 
D. Hatfield Award for 1960 to E. 
O’Neal Dye, Superintendent, Tueson 
Sewage Treatment Plant, for his extra- 
ordinarily complete records concerning 
the Tucson Sewage Treatment Plant; 
and to Art EF. Vondrick, Assistant 
Director of Water and Sewers, City of 
Phoenix, Mr. Lawrence presented the 


Arthur Sidney Bedell Award for 1960 | 


for his outstanding work within the 
member association. 

During the business meeting the Con- 
stitution and By-Laws of the Arizona 


Sewage and Water Works Association | 


were amended and the name of the or- 


ganization is now ‘‘ Arizona Water and | 


Pollution Control Association.’’ 

Following the bsuiness meeting there 
were sixteen ASWWA ‘‘Sewage Safety 
Awards of Merit’’ presented to various 
cities and towns for progress during 
1960 in improving and/or initiating 
safety programs. 


(Continued on page 711a) 
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NUCLEAR SLUDGE 
DENSITY CONTROL 
CUTS COSTS! 


of 


= Pump more solids—less liquid. 

m Increase digester capacity and 
efficiency. 

m Reduce heat and power costs. 

= Handle less supernatant. 


EXCLUSIVE OHMART ADVANTAGES: 


Ohmart gages have a precision and * 
repeatability of + 2% of full scale 
range or better, with ranges as nar- 
row as 0-10% solids available. 
Ohmart systems operate with high 
signal-to-noise ratio; are unique in 
their stability and simplicity. Low- 
drift circuit requires only 5-minute 
semi-monthly standardization check. 
Rugged gage construction with- 
stands severe atmospheric and me- 
chanical conditions. There are more 
Ohmart Nuclear Gages in operation 
in the waste disposal field than all 
others combined. Look to Ohmart to 
yield high savings in your treatment 
plant. Performance to specification 
is guaranteed. Write for Bulletin 
SD-2 for full details. 


THE OHMART CORPORATION 
4245 Allendorf Dr., . Cincinnati 9, Ohio 
ENGINEERING REPRESENTATIVES IN PRINCIPAL AREAS 
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Pumps, Chemical Feed 
Proportioneers Div., B-I-F Industries 


Pumps, Gas 

Roots-Connersville Blower, Div. of 
Dresser Industries In 

Sutorbilt Corp. 


Pumps, Grit 
Nagle Pumps, Inc. 


Pumps, Sewage 

Alpha Ltd. (Switzerland) 

American Well Works 

Aurora Pump Div., The New York 
Air Brake Co. 

Chicago Pump Co 

Davco Corp. 

Eimco Corp. 

Fairbanks, Morse & Co 

Gorman-Rupp Co 

Infilco Inc 

Ingersoll-Rand Co. 

Marlow Pumps, Div. of Bell & Gos- 
sett Co. 

Smith & Loveless 

Sutorbilt Corp. 

Wallace & Tiernan Inc 

Wemco Div., Western Machinery Co 

C. H. Wheeler Mfg. Co 

Worthington Corp 

Yeomans Brothers 


Pumps, Sludge 

Alpha Ltd. (Switzerland 

American Well Works 

Aurora Pump Div., The New York 
Air Brake Co. 

Ralph B. Carter Co 

Chicago Pump Co. 

Dorr-Oliver Inc. 

Eimco Corp 

Fairbanks, Morse & Co 

Gorman-Rupp Co 

Hardinge Co., Inc 

Infilco Inc 

Komline-Sanderson Engr. Corp 

Manton-Gaulin Mfg. Co., Inc 

Marlow Pumps, Div. of Bell & Gos- 
sett Co 

Nagle Pumps, Inc 

Sutorbilt Corp 

Wallace & Tiernan In . 

Wemco Div., Western Machinery C 

Worthington Corp 

Yeomans Brothers Ci 

Zimmer & Francescon 


Pumps, Vacuum 

Ingersol!-Rand Co. 

Roots-Connersville Blower, Div. of 
Dresser Industries In 

Sutorbilt Corp 
H. Wheeler Mfg. Co 


Pumps, Water 

American Well Work 

Aurora Pump Div., The New York 
Air Brake Co. 

Ralph B. Carter Cx 

Chain Belt Co 

Chicago Pump Co 

Eimco Corp 

Fairbanks, Morse & Cx 

Gorman-Ri ipp Co. 

Ingersoll-Rand Co. 

Marlow Pumps, Div. of Bell & Gos- 
sett Co 

Wallace & Tiernan In 

C. H. Wheeler Mfg. Co 

Worthington Corp 

Yeomans Brothers C« 


Radiation Monitoring Equip- 
ment 
Westinghouse Electric Corp 


Radios, Mobile 
General Electric Co 


Recorders (also see Instruments, 


Recording, and Control) 


Builders-Providence Div., B-I-F In- | 


dustries 
Fischer & Porter Co. 
Fisher Scientific Co. 
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Foxboro Co | 

General Electric Co 

Minneapolis-Honeywell Regulator Cx 
Brown Instruments Div 

Ohm art Corp 

Pe Instruments Div., Penn Meter 

Wallace & Tiernan Ini 


motractony Building Materials 

irborundum Co 
Johns-M snville Sales Corp | 
| 


Robinson Clay Product Co 


Safety Equipment 
Varec, Inc | 


Sampling Equipment | 
Chicago Pump Co 

Infilco In 

Lakeside Engineering Corp 
Sand, Gravel, and Stone 
Graver Water Conditioning Co. 
Screening Equipment 
Alpha Ltd. (Switzerland) 
American Well Work 

hain Belt Co 


Foundry & Machine | 


Ir In 
Jeffrey Mig. Co | 
Link-Belt Co 
Walker Process Equipment In | 
Sedimentation als¢ 
Clarifier Equipmer 
Ltd (Switzerland) 


Well 1 Works 
B. Carter C 
Belt 


ny ver 


raver W: ter Conditioning Co 
ardinge Co., Inc 
Ir 


anderson Engr. Corp 
ikeside Engineering Corp 
k-Belt 

Iker Process Equipment Inc 
mans Brothers ( 


Sewer Cleaning Equipment 
Flexible | 
Homestead Valve Mfg. Cx 

Nat al Water Main Cleaning Co 
W. H. Stewart, Inc 


Sewer Inspection (see Inspection, 


Sewers) 

Shredders (also see Comminutors | 
and Grinders) | 
Ipha Ltd. (Switzerland) 


isher & Pulverizer Co 
ig Co 


Yeomans Brothers Co. 
Siphons 

Alpha Ltd. (Switzerland) 
Ame n Well We — 
Ralph B. Carter C« 

Corp 

Infil I 

Lakeside Er cy Corp 
Pacific Tank Co 
Yeoman od hers Co 


Sludge Concentrators 
Ein 


Nichols Engr. & Research Corp. 
Sludge Flotation Equipment (see | 
tation Equipment) 


rag Handling and Control 
felt Co 


Inc. 


in Corp 
effrey Mig. Co 


Lir k- Belt Cc 

Ni ls Engr. & Research Corp 
Wal ker Process Equipment Inc 
Zimpro, Div. of Sterling Drug Inc. 


Sludge Kemoval Equipment 
effrey fg. Co. 
Zimpro, Div. of Sterling Drug Inc 


Sludge Shredders 

Ipha Ltd (Switzerland) 

lier Crusher & Pulverizer Co. 
Jeffrey Mfg. Co 


Spray Nozzles (see Nozzles, Spray) 


Sprockets 

Chain Belt Co 

Link-Belt Co 

Steel Pipe Products 

Armco Drainage & Metal Products, 
Ir 

Structural Metal 

Alpha Ltd. (Switzerland) 


Switchgears 

Alpha Ltd. (Switzerland) 
Genera Electric Co 
Westinghouse Electric Corp. 
W rthingtc n Corp 


Tanks 
Chain Belt Co 
Link-Belt Cx 


4. O. Smith Corp 


levision, Closed Circuit 
spec ine nec 


Tools 
Flexible Inc. 


T 
A td. (Switzerland) 


G ral Electric Co 
Westing! e Electric Corp 


Filter Equipment (see 
ter Equipment, Trickling) 


Trucks and Tractors 
Eim Corp. 

Turbines 

Worthington Corp. 


Vacuum Filters (also see Filters, 
Vacuum) 

Bird Machine Co 

Dorr-Oliver Inc 

Ein Corp 

Komline-Sanderson Er 

Proportioneers Div I tries 


Valve Converters, Automatic 

C. H. Wheeler Mfg. Co. 

Valves and Gates 

Armco Drainage & Metal Products, 
Ir 


Builc Providence Div., B-I-F In- 
1 € 

DeZurik Corp 

Filtration “Equipn rent Corp 

Hor Valve Mfg. Co 

Indust M: aterials Co 

Mueller (¢ 

Rockwell Ce 

Roots-Connersville Blower, Div. of 
Dresser In dustries Inc 

Simplex Valve and Meter Co. 


A. P. Smith Mfg. Co 
Snow Ga tes & Valves, Inc 
ghouse Electric Corp 
W. K. M Div. of ACF Industries, Inc 
R. D od Co 
Yeomans Brothers Cx 


Vessels (see Tanks) 


Weighing Devices 
Builders-Providence Div., B-I-F In- 


er Scientific Co 
» & Tiernan Inc 


Ra 
Dorr-Oliver Inc. 
Ei Corp 
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Papers of interest presented during 
the conference included: 

**Selecting Sewer Pipe,’’ by Don E. 
Bloodgood, Professor of Sanitary Engi- 
neering, Purdue University, Lafayette, 
Ind. 

‘* Electro-Dialysis, Its Applications 
by Richard P. Fiedler, 
West Coast Manager, Ionics, Inc., Pasa- 
dena, Calif. 

‘‘New Concepts in Digester Sludge 
Mixing and Floating Covers,’’ by G. E. 
Hauer, Manager, Municipal Sewage De- 
partment, Infileo, Tucson, Ariz. 

‘‘Metropolitan Approach to Sewage 
Collection and Treatment,’’ by Paul 
Bolton, Henningson, Durham and Rich- 
ardson, Consulting Engineers, Omaha, 
Nebr. 

‘*Waste Control at Missile Facilities, ’’ 
by Ben Dibble, Vice-President, Johan- 
nessen and Girand, Consulting Engi- 
neers, Phoenix, Ariz. 

‘A Biological Study of the Sewage 
Lagoon of Sanitary District No. 1 of 


in Arizona,’’ 


Pima County, Arizona,’’ by Jack 
Hensley, Univ. of Arizona, Tueson, 
Ariz. 


‘Potential Application of Solar En- 
ergy in the Water and Sewage Fields,”’ 
by Levi F. Yissar, Mechanical Engi- 
neer, President, Yis-Sol Produets, Ine., 
Tueson, Ariz. 


During the annual dinner dance on 
Friday evening, President R. E. Polen- 
ske installed the newly elected officers 
for the coming year. 

The new officers of the Association 
are: 

President: Stanford I. Roth, Phoenix. 

First Vice-President: Milford E. De- 
vine, Tueson. 

Second Vice-President: 
linger, Phoenix. 

Secretary-Treasurer: A. D. 

Phoenix. 
Director on the 

Art F. 


A. Hir- 


Karl 
Cox, dr. 


Board of Control: 
Vondrick, Jr., Phoenix. 


A. D. Cox, JR. 
Secretary-Treasurer 


(Continued on page 713a) 
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Personnel 
Service 


Classified ads will be accepted for ‘‘Personnel Avail- 
able’? and “Personnel Wanted’’ only. Rates are $1.50 
per line, with minimum of $5.00. Deadline for ad copy: 
10th of the month preceding the issue desired. Send ad 
copy to Classified Advertising Dept., Water Pollution 
Control Federation, 4435 Wisconsin Ave., Washington 
16, D. C. Send replies to same address for ads with 
JourRNAL box numbers. 


Personnel Wanted 


Assistant city engineer, Meadville, Pa. Duties: 
Assist city engineer in all phases of public works admin- 
istration, including sewage treatment, water supply, sani- 
tary landfill operation, construction and repairs of streets 
and sewers, snow removal, building inspection, and city 
planning. Opportunity for varied experience, and to 
become superintendent of Water Dept. and sewage treat- 
ment plant in clean, college town with history of good 
government. Requirements: BS in civil or sanitary engi- 
neering and some experience in related field. Salary: 
$6000--$4500 Reply to City Engineer, City Hall, 
Meadville, Pa. 


The City of Philadelphia needs a high level 
research man to supervise projects investigating water 
treatment processes, algae control, removal of organic 
compounds, etc. Requires a degree in civil, chemical or 
sanitary engineering or chemistry or biochemistry plus 5 
years professional water purification experience, one year 
as supervisor. Salary starts $8,464. Regular increases. 
Liberal fringe benefits. Write to J. F. Weiss, Room 792, 
City Hall, Philadelphia 7, Pa. 


THE METROPOLITAN CORPORATION 
OF GREATER WINNIPEG 


REQUIRES RESEARCH CHEMIST 
OR SANITARY ENGINEER 


Metropolitan Corp. of Greater Winnipeg, 
Waterworks and Waste Disposal Div., re- 
quires research chemist or sanitary engi- 
neer to organize and head new division 
branch, to be known as Research and 
Laboratory Control. 


This employee will be responsible for 
conducting regular research and specific 
research projects concerned with water 
supply and sewage disposal; quality con- 
trol of water delivered to consumers in 
Metro area; quality control of the oper- 
ations of sewage treatment facilities; 
analyses of all samples concerned with 
the industrial waste control program, 
river pollution control, and sewage odor 
control, ete.; and testing for quality con- 
trol of materials supplied to this division. 


Applicant should be graduate in chemis- 
try or chemical engr., with post graduate 
experience in sanitary engr. Should pref- 
erably have 10 years practical experience 
in sanitary engr., part of which includes 
position of responsibility in research 
and/or operation of water supply and 
sewage treatment facilities or equivalent. 


Usual fringe benefits are available. 
Salary open and will be commensurate 
with qualifications and experience. Send 
applications to Personnel Mgr., Personnel 
Dept., 10 Fort St., Winnipeg 1, Man., 
Canada. 
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2 new manuals— 


UTILITIES ACCOUNTING MANUAL 


PLANT OPERATION MANUAL 


manual of practice 10 


Uniform System of 
Accounts for 


Wastewater Utilities 
A 72-page, completely revised ver 
sion of the 1919 accounting manual 


Provides the entire accounting pro- 


cedure for a wastewater utility 


For members, $2.00; for others, 


$3.00. 


manual of practice Il 


Operation of 
Wastewater 


‘Treatment Plants 


Several years preparation —re- 
cently serialized in the Journal 


now available as a bound manual. 


\ well-illustrated manual of nearly 
200 pages, packed with information 


of real help to the plant operator. 


kor members, $2.00; for others, 


83.00, 


Water Pollution Control Federation 


4435 Wisconsin Avenue, Washington 16, D. C. 


Enclosed is remittance for $ 


If invoice is required postage will be 


added. Checks may be made payable to WPCF. 


Please send copies MOP-10; 


Member Association 
Name .. 


Street .. 


.. copies MOP-I11. 
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TEXAS WATER AND 
SEWAGE WORKS 
ASSOCIATION 


The Texas Water and Sewage Works 
Association and the Industrial Water 
and Waste Conference met in College 
Station on Mar. 11-16, 1961. 

The Texas Water and Sewage Works 
Association has approved a separation 
of the Sewage and Industrial Wastes 
Section and there will be two separate 
state associations. 

Papers presented at this meeting in- 
clude: 

‘*Significanee of Growth Rate in the 
Control and Operation of Bio-Oxida- 
tion T'reatment Plants,’’ by M. T. Gar- 
rett, Jr., City of Houston, Houston, 
Tex. 


‘‘Water and Waste Clarification,’’ 
by Paul D. Haney, Black and Veatch, 
Consulting Engineers, Kansas City, Mo. 

‘*Inhibitors in the Clarification Proe- 
ess,’’ by Jesse M. Cohen, Chemist-in- 
Charge, Engineering Section, Research 
Branch, R. A. Taft Sanitary Engineer- 
ing Center, U. S. Public Health Service, 
Cincinnati, Ohio. 

Newly elected officers for the year 
1961-62 are: 


President: Claud K. Robinson, Vernon. 

President-Elect: L. W. Smith, Temple. 

Secretary: G. R. Herzik, Jr., Austin. 

Treasurer: Mrs. Earl H. Goodwin, 
Austin. 

Director: J. Li. Robinson, Fort Worth. 


G. R. Herz, Jr. 
Secretary 


HOW LONG? 


SINCE YOU MENTIONED A JOURNAL 
SUBSCRIPTION - MEMBERSHIP 
TO SOMEONE IN 


¢ YOUR OFFICE 

¢ YOUR ORGANIZATION 

YOUR COMMUNITY 

A NEIGHBORING COMMUNITY 


Your Member Association Secretary, listed on the third left-hand page of 
the JOURNAL, or the Federation office, will be glad to send an application 
form and supply any additional information. 
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STANDARD METHODS 
11th Epition 


NEW TITLE Standard Methods for the Examination of 
Water and Wastewater. 


JOINTLY PRODUCED American Public Health Association (Pub- 
lisher), American Water Works Association, 
and Water Pollution Control Federation. 


DETAILED COVERAGE Laboratory manual and reference of more 
than 600 pages covering simple and detailed 
methods for physical, chemical, bacteriologi- 
cal, and biological analyses of water and 
wastewater. 


NEW COVERAGE More than 100 pages added; new sections on 
radiology, bio-assays for toxicity of industrial 
wastes, and iron and sulfur bacteria. 


ORDER NOW Special price of $8 to members of any of the 
three sponsoring organizations if prepaid; 
without remittance, $10. 


WATER POLLUTION CONTROL FEDERATION 
4435 Wisconsin Avenue, Washington 16, D. C, 


SE THIS COUPON Publication: STANDARD METHODS FOR THE 


EXAMINATION OF WATER AND 
WASTEWATER, lith Edition. 


Enclosed is remittance for $ 


> 


Federation Member Association 


If an invoice is necessary, postage will be added. 
Checks may be made payable to WPCF. 
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PROFESSIONAL SERVICES 


ALBRIGHT & FRIEL, INC. 
CONSULTING ENGINEERS 


Water, Sewage, Industrial Wastes and Incineration Problems 
City Planning, Highways, Bridges and Airports 
Yams, Flood Control, Industrial Buildings 
Investigations, Reports, Appraisals and Rates 


THREE PENN CENTER PLAZA 
PHILADELPHIA 2, PA. 


ALVORD, BURDICK & HOWSON 


Engineers 
Charles B. Burdick Louis R. Howson 
Donald H. Maxwell 
Water Works, Water Purification, 
Flood Relief, Sewerage, Sewage 
Disposal, Drainage, Appraisals, 
Power Generation 
Civic Opera Building Chicago 


Your firm should be 
listed here 


the most complete direc- 
tory of firms specializing in the 


wastewater field. 


JOHN J. BAFFA 
Consulting Engineer 


Sewerage & Sewage Treatment 
Industrial Wastes Treatment 
Design Plans & Specifications 
Investigations & Rate Studies 


75 West Street New York 6, N. Y. 


MICHAEL BAKER, JR., INC. 


Consulting Engineers, Planners & Surveyors 


Atrport, Highway & Bridge Destgn; Water & Sewerage 
Municipal Engineering; Photo Mapping 
Ctty Planning, Urban Renewal & Redevelopment 
Sotls Lab; Complete Survey Servtce 


Home Office: Rochester, Pa. Baker Bidg., P.O. Box 111 
Jackson, Miss. Charleston,W.Va. Harrisburg, Pa. 


Northview Dr. 19 Dunbar Street 2799 N. Fourth St. 
P.0. Box 9997. Box 2148 P.O. Box 790 


BAXTER AND WOODMAN 
Civil and Sanitary Engineers 
Water Supplies Water Treatment 
Sewer Systems Sewage Treatment 
Industrial Waste Treatment 
Investigations 


Crystal Lake, Ulinols 


P. O. Box 166 


THOMAS W. BEAK 
Industrial Water Pollution Specialist 


Pollution Studies 

Stream and Lake Surveys 
Toxicity Tests 

Biological and Chemical Analyses 


P.O. Box 220, Collins Bay, Kingston, 
Ontario, Canada 


BENJAMIN E. BEAVIN COMPANY 
CONSULTING ENGINEERS - SURVEYORS 


Water Supply, Sewerage, Drainage 
Soils and Geologic Engineering 
Ports, Airfields, Highways, Structures 


BElmont 5-4570 104 E. 25th St. 
Baltimore 18, Maryland 


HOWARD K. BELL 
Consulting Engineers, Inc. 
WATER WORKS SWIMMING POOLS 


INDUSTRIAL WASTES DRAINAGE 
SEWERAGE GARBAGE DISPOSAL 
VALUATIONS RATES REPORTS 


OPERATION SUPERVISION 
553 S. LIMESTONE ST., LEXINGTON, KY. 


BENHAM 
ENGINEERING COMPANY 


Consulting Engineers 


215 N.E. 23rd Oklahoma City 
Established 1909 


Need professional help? Check these pages for the firms in your area. 
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BETZ LABORATORIES, INC. 


Consulting Engineers 
Industrial Waste 
Industrial Water 
Analysis Design 
Investigations 


Gillingham & Worth Sts. 


Operation 


Philadelphia 24, Pa. 


BLACK, CROW AND EIDSNESS 


ENGINEERS 


Water, sewerage, power, hydrology, recalcination, 
waste treatment, valuation, special investigations 
and reports, laboratory services 


700 S.E. Third Street Gainesville, Florida 


BLACK & VEATCH 


Consulting Engineers 
Sewage — Gas ~ Water — Electricity — Industry 
Reports, Design, Supervision 
of Construction, Investigations, 
Valuation and Rates 
1500 Meadow Lake Parkway 
Kansas City 14, Mo. 


CLINTON BOGERT ENGINEERS 
Consultants 
Ivan L. Bocert RoBert A. LINCOLN 
CHARLES A. MANGANARO WILLIAM MARTIN 
Water & Sewage Works 
Drainage 
Highways and Bridges 


Incinerators 
Flood Control 
Airfields 


145 East 32nd Street, New York 16, N. Y. 


BOWE, ALBERTSON & ASSOCIATES 
Engineers 
Water and Sewage Works 
Industrial Wastes 
Refuse Disposal 
Valuations 
Feasibility Reports 
Laboratory Service 


75 West Street New York 6, N.Y. 


BOYLE ENGINEERING 
Consulting Engineers 
Water — Sewers — Streets 


Structures — Surveys 
Reports—Special Districts 


331 Spurgeon Bidg. 
Santa Ana, Calif. 


4525 Mission Gorge PI. 
San Diego 20, Calif. 


BROWN AND CALDWELL 
CIVIL AND CHEMICAL ENGINEERS 
WATER - SEWAGE- INDUSTRIAL WASTE 


CONSULTATION - DESIGN - OPERATION 
CHEMICAL AND BACTERIOLOGICAL LABORATORIES 


66 MINT STREET SAN FRANCISCO 3 


CHECK HERE 
Whenever You Need 


Professional Advice 


FLOYD G. BROWNE AND ASSOCIATES 
CONSULTING ENGINEERS 


Water Supply — Purification — Sewerage — Sewage Treatment — Power and Industrial 
Plants — Industrial Waste Treatment and Disposal 
Reports — Designs — Supervision — Operation 


125 West Church Street 


Marion, Ohio 


BUCK, SEIFERT AND JOST 
Consulting Engineers 
Specializing in Sewerage and Sewage Disposal, 


Water Supply and Water Purification, 
Valuations and Reporte 


Chemical and Biological Laboratories 


112 East 19th Street New York 3, N. ¥. 


ONLY $75 
for 12 ads, plus complimentary 
JOURNALS during your series. A 
card presents your services to the 
largest group of prospective clients 
in the wastewater field. 


Your professional card should be among these. 
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Burcess & NIpPLE 
Consulting Engineers 
Established 1908 
Sewage and industrial wastes disposal 
Investigations, reports, design, rates 
Laboratories, Plant Supervision 


2015 W. Fifth Ave. Columbus 12, Ohio 


PROFESSIONAL 
SERVICES 


BURNS & McDONNELL 
Engineers - Architects - Consultants 
P.O. Box 173 
Kansas City 41, Missouri 


CAMP, DRESSER and McKEE 
Consulting Engineers 


Water Works and Water Treatment 
Sewerage and Sewage Treatment 
Municipal and Industrial Wastes 

Investigations and Re ports 
Design and Supervision 
Research and Development 
Flood Control 


18 Tremont Street Boston 8, Mass. 


Consulting Civil Engineers 


Dillsburg, Pennsylvania, U.S.A. 


JOHN A. CAROLLO 


Engineers 
Water Supply and Purification, Sewerage, 
Sewage Treatment, Industrial Wastes, 
Power Generation, Streets. 


3308 N. Third St. 2168 Shattuck Ave. 
Phoenix 12, Arizona Berkeley 4, Calif. 


THE CHESTER ENGINEERS 


Water Supply and Purification 
Sewage Treatment 
Industrial Waste Disposal and Recovery 
Power Plants—Incineration—Gas Systems 
Valuations—Rates- Management 
Laboratory 


601 Suismon St., Pittsburgh 12, Penna. 


CONSOER, TOWNSEND & ASSOCIATES 


Consulting Engineers 

Sewage treatment, sewers, storm drainage, flood 
control—Water supply and treatment—Highway 
and bridges——Airports-—Urban renewal— Electric 
and gas transmission lines— Rate studies, surveys 
and valuations—Industrial and _ institutional 
buildings. 

360 East Grand Ave. Chicago 11, Ill. 


CRAWFORD, MURPHY & TILLY 
Consulting Engineers 
Water and Sewerage Systems 
Sewage and Wastes Treatment 
Storm Drainage—Flood Control 
Impounding Reservoirs—Pollution Control Studies 
Surveys, Reports, Design, Supervision 
Phone: 217-528-5619 
755 South Grand West Springfield, Illinois 


Damon & Foster 


Consulting Civil Engineers and 
Surveyors 
Sewerage, Sewage Disposal, Water Supply, 
Surveys, Land Subdivision, City and Town 
Planning, Reports, Design, Supervision 
Sharon Hill, Pennsylvania 


DOW INDUSTRIAL SERVICE 


Division of The Dow Chemical Company 
Consulting Laboratories 


Pollutional Characteristics Waste Evaluations 
Treatment Process Development 
Chemical Cleaning 


20575 Center Ridge Road 
Cleveland 16, Ohio 


JOURNAL 
Advertising Pages 
These pages provide assistance to you 
when service is needed in the waste- 
water field. The WPCF Product Guide, 
in the final pages of the JOURNAL, 
also assist the readers. 


A professional card presents your services to over 10,000 readers. 
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PROFESSIONAL 


SERVICES 


FAY, SPOFFORD & THORNDIKE, INC. 
ENGINEERS 
PROFESSIONAL 


Sewage Treatment—Sewerage and Drainage Systems 


Water Supply and Distribution—Incinerators 
= 
SERVICES Airports—Bridges—Express Highways—Port and 


Terminal Works—Industria!l Buildings 


11 Beacon Street Boston 8, Massachusetts 


FINKBEINER, PETTIS & STROUT INC. 


Engineers 


Water Supply, Water Treatment Sewerage and Sewage Treatment 
Sewerage, Sewage Treatment Industrial and Domestic Water Supplies 
Industrial Waste Treatment Citic Towns & Consolidated Communities 
Surveys, Ret ind Complete Design 
2130 Madison Avenue Toledo 2, Ohio 1321 Arch Street Philadelphia 7, Penna. 


FROMUHERZ ENGINEERS A PROFESSIONAL CARD 


Structural - Civil - Municipal 


Four Get tior I 1867 presents your services to over 10,000 
“our Generations Since 37 


id 1e 1 he 
Paid readers with eacn 1ssut ot the 
or upply erage Ss icture 
Water Supply ; Sewerag tri es; AI rh; s wh tential 
Indu Waste Disposal clients seek professional assistance 


Investigat s; Reports; Plans and 


THIS SINGLE CARD COSTS 
816 Howard Avenue New Orleans 12, La. ONLY $75 FOR 12 ISSUES 


GANNETT FLEMING CORDDRY AND CARPENTER, INC. 


Engineers 


Sewage, Industrial Wastes & Garbage Disposal, Dams, Water Works, Highways, Bridges & Airports, 
Trattc & Parking—Appraisals, Investigations & Reports. 

HARRISBURG, PENNSYLVANIA 

Branch Offices 

Philadelphia, Pa. 


Pittsburgh, Pa. Daytona Beach, Fla. 


GILBERT ASSOCIATES, INC. 


Engineers and Consultants 


Water Supply and Purification 


GIBBS & HILL, INC. 
Consulting Engineers 
Industrial and Municipal Waste Treatment 


4 P.O. Box 1498 
NEW YORK 1, NEW YORK New York READING, PA. Washington 


Water Supply and Treatment Sewage and Industrial Waste Treatment 
j Electric Power and Transmission Chemical Laboratory Service 
a Transportation and Communication Investigations and Reports ) 
PENNSYLVANIA STATION 


HOWARD R. GREEN CO. 
GREELEY & HANSEN Consulting Engineers 
Engineers Established 1913 


H. R. Green 
Water Supply, Water Purification C. D. MuLurnex G. R. Hotcukiss 
rainace. Refnae J. A. SAMPsoN H. A. MILier 
Flood Control, Drainag tefuse Disposal 


Sewerage, Sewage Treatment 


Water, Sewerage & Industrial Wastes 
Public Works & Industrial Projects 


Green Engineering Building Cedar Rapids, lowa 


14 East Jackson Boulevard, Chicago 4, Ilinois 


Take advantage of the”services of these outstanding firms! 
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Charles W. Greengard 
Associates 


Consulting Engineers PROFESSIONAL 


Sewage Treatment, Sewerage, Drainage, 
Water Supply, Industrial Waste Treat- 4 SER V ICES 
ment, Roads, Subdivisions, Investigations 
Reports, Designs and Supervision 
Deerfield, Illinois 


L. B. GRIFFITH HASKINS, SHARP & ORDELHEIDE : 
CONSULTING ENGINEER CONSULTING ENGINEERS 


Water—Sewage & Industrial Wastes—Hydraulics 
Reports, Design, Supervision of Construction 
Appraisals, Valuations, Rate Studies 
450 West Broad St. Falls Church, Va. 1009 Baltimore Ave. 


Research, Reports and Designs on Sew- 
age and Industrial Waste Treatment. 


Kansas City 5, Mo. 


HAVENS AND EMERSON 


HAZEN AND SAWYER 
4. A. Burger A. M. Mock 
J. W. Avery F. S. Palocsay ENGINEERS 
E. S. Ordway G. H. Abplanalp Ricnanp Hazen Avrrep W. Sawyer 
S. H. Sutton H. E. Hupson, Jn. 
Frank C. Tolles, Consultant 
Consulting Engineers Water and Sewage Works 
: Industrial Waste Disposal 
WATER, SEWERAGE, GARBAGE, INDUSTRIAL Drai i Flood Control 
WASTES, VALUATIONS LABORATORIES 
Leader Bldg. Woolworth Bidg. 360 Lexington Ave., New York 17, N. Y. 
Cleveland 14, Ohio New York 7, N. Y. 


ANGUS D. HENDERSON HENNINGSON, DURHAM 
Consulting Engineers & RICHARDSON 


Anocus D. HenpeRson Tuomas J. Casey Consulting Engineers and Architects since 1917 
for more than 700 cities and towns 
Water Works, Light and Power, Sewers, Sewage 
Treatment, Reports, Flood Control, Appraisals, 
Drainage, Industrial Works 


Omaha « Colorado Springs « Phoenix « Dallas 


Water Supply and Sanitation 


33) Winthrop St., Westbury, New York 
355 Knollwood Ave., Douglaston, L. I., New York 


HORNER & SHIFRIN George E. Hubbell Albert Roth Homer W. Clark 


» d s W 
Theodore G. Biehl George 8. Roth James W. Hubbell 


E, Bross V. C. Liscur HUBBELL, ROTH & CLARK, INc. 
Airports, Sewerage & Drainage, Hydrology, 


5 Consulting Engineers 
Sewage Treatment, Industrial Waste Treatment, 


Water Supply & Treatment, Paving, Structures, Sewage and Industrial Waste Treatment 
Industry Engineering Services Sewerage and Drainage Systems 
1221 Locust Street St. Louis 3, Mo. 954 N. Hunter Blvd. Birmingham, Michigan 


GRIT AND HEAVY SLUDGE REMOVAL 
CONCRETE RESTORATION 
SEWAGE AND WATER WORKS 
HUDSON -RUMSEY CO., INC, 1679 Niagara St. 


Professional Engineers Buffalo 7, N. Y. 


It pays to secure competent and experienced professional advice! 
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PROFESSION 


AL SERVICES 


WILLIAM T. INGRAM 


Consulting Engineer 
Sanitary and Public Health Engineering 
Planning— Design——-Research— Water 
Sewage—Refuse—lIndustrial Wastes 
Air Pollution Control—lIndustrial Health 


Offices: 
East Coast 
20 Point Crescent 
Whitestone 57, N.Y. 


West Coast 
90 Panoramic Way 
Walnut Creek, Calif. 


. 

The Jennings-Lawrence Co. 
Civil and Municipal Engineers 
Consultants 
Water Supply, Treatment & Distribution 
Sewers & Sewage Treatment 

Reports— Design—Construction 


1392 King Ave. Columbus 12, Ohio 


JOHNSON & ANDERSON, INC. 
Consulting Engineers 
Sewerage—Water Supply & Distribution— Bridges 
Highways—Municipal EF 1eering—-Flood Con- 
trol & Drainage 
2300 Dixie Hwy., Pontiac, Mich. 
FE 2-0181 

Warren Office Flint Office 
24187 Ryan Rd. 604 Metropolitan Bldg. 
Warren, Mich. Flint, Mich. 
SLocum 7-1167 CEdar 9-4102 


JONES, HENRY & WILLIAMS 
Consulting Engineers 
Water Works 
Sewerage & Treatment 
Waste Disposal 


2000 West Central Ave. Toledo 6, Ohio 


KENNEDY ENGINEERS 
COMPLETE ENGINEERING SERVICE 
Investigations, Reports, Design 
Supervision of Construction and Operation 
Sewerage, Sewage Treatment and 
Industrial Waste Disposal 
Chemical and Biological Laboratory 
604 MISSION ST., SAN FRANCISCO 5§ 


Los Angeles Sait Lake City Tacoma 


KIRKHAM, MICHAEL & ASSOCIATES 
ENGINEERS - ARCHITECTS 


Complete Municipal & Industrial Services 


Investigations, 
Reports, Design, Supervisior 


1 of Construction, Rates 
WATER SEWAGE & WASTES 
STREETS AIRPORTS — BRIDGES & STRUCTURES 
Omaha, Neb. 508 South 19th St. 
Rapid City, S. D. 519 Kansas City St. 
Fargo, N. D. 802 Sixth Avenue North 


MORRIS KNOWLES Inc. 
Engineers 
Water Supply and Purification, Sewer 
age and Sewage Disposal, Valuations, 


Laboratory, City Planning 


1312 Park Bidg. Pittsburgh 22, Pa. 


KOEBIG AND KOEBIG 
Consulting Engineers Since 1910 
Investigations, Reports, Designs 
Sewerage & Sewage Treatment 
Water Supply & Water Treatment 


Municipal Engineering 


3242 West 8th Street, Los Angeles 5, Calif. 


LANNING 
Sanitary Engineering Co., Inc. 
Consulting Engineers 
Water, Sewage, Drainage, and Industrial Wastes 


Reports, Designs, Supervision 
Of Construction and Operation 


Chemical & Biological Laboratory 
4481 South Broad St. Trenton 20, N. J. 


LOCKWOOD, KESSLER & BARTLETT, INC. 
CONSULTING ENGINEERS 
Water, Sewage, Industrial Wastes, Incinerators, 


Water Pollution Studies, Municipal Engineering, 
Aerial Mapping, Highways, and Bridges 


Syosset, New York - San Juan, Puerto Rico 
Bogota, Colombia 


Lozier Consultants, Inc. 


Engineers 


Sewerage, Sewage Disposal, 
Water Supply, Water Puri- 
fication, Refuse Disposal 
10 Gibbs Street Rochester 4, N. Y. 


CHARLES A. MAGUIRE & ASSOCIATES 


Engineers 


Sewage Collection and Disposal 

Water Supply and Distribution 

Drainage, Refuse and Pipelines 
14 Court Square Boston 8, Mass. 
1100 Turks Head Building Providence 3, R.I. 


Largest professional services section in the wastewater field. 
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CHAS. T. MAIN, INC. McNAMEE, PORTER AND SEELEY 


Consulting Engineers Since 1893 Consulting Civil Engineers 


STUDIES * DESIGNS * CONSTRUCTION MANAGEMENT Water Supply and Treatment 
REPORTS © VALUATIONS Sewerage and Sewage Treatment 
Yrai Waste Disposal 
Water Supply and Treatment ¢ Sewerage renee es 
Sewage Diaposal ¢ Industrial Waste Treatment Established 1914 
BOSTON, MASSACHUSETTS « CHARLOTTE, N. CAROLINA 2223 Packard Road, Ann Arbor, Michigan 


GEORGE B. MEBUS, Ine. MeTcALF & Eppy 


Consulting Engineers 
Soils, Foundations, Waterworks, Sewage 
Water Supply Sewage Treatment Works, Drainage, Irrigation, Flood Con- 
trol, Refuse, Industrial Wastes, Airports, 
Industrial Waste Treatment Highways, Military Projects, Industrial 
BROAD STREET TRUST BUILDING and Commercial Facilities. 
GLENSIDE, PA. Statler Building, Boston 16, Massachusetts 
JAMES M. MONTGOMERY Nussbaumer, Clarke & Velzy, Inc. 
Consulting Engineers, Inc. Consulting Engineers 
Water Supply—Water Purification SEWAGE TREATMENT—WATER SUPPLY 
Sewerage—Sewage and Waste Treatment INCINERATION— DRAINAGE 
Flood Control Drainage INDUSTRIAL WASTE TREATMENT 
Valuations— Rates APPRAISALS 


Investigations— Design—Operation 
327 Franklin St., Buffalo, N. Y. 
535 B. Walnut St. Pasadena, Calif. 500 Fifth Ave., New York 36, N. Y. 


O’BRIEN & GERE Parsons, Brinckerhoff, 


Consulting Engineers Quade & Douglas 
Industrial Waste Treatment Civil and Sanitary Engineers 
Industrial and Municipal Water Supply Water, Sewage and Waste Systems, 
Ss iS T Flood Control and Drainage Works. 
Sewerage 4 Sewage Trez 
ewerage and Sewage eatment 165 Bresdway New York 6, N.Y. 
400 East Genesee St. Syracuse 2, New York 833 Market Street San Francisco 3, Cal. 


PIATT & DAVIS MALCOLM PIRNIE ENGINEERS 
AN D ASSOCIATES Malcolm Pirnie Carl A. Arenander 


Ernest W. Whitlock Malcolm Pirnie, Jr. 
P. D. DAVIS W. M. PIATT, II Robert D. Mitchell Alfred C. Leonard 
Consulting, Designing, and Supervising Engineers MUNICIPAL AND INDUSTRIAL 
Water Works, Sanitary Sewers, Water Purification Water 
> > Sewage an Treatme 
‘ Drainage Hates - Refuse Disposal 
25 West 43rd Street 3013 Horatio Street 
One Eleven Corcoran St. Bidg. Durham, WN. C. New York 36, N.Y. Tampa 9, Florida 
LEE T. PURCELL RADER AND ASSOCIATES 
Consulting Engineer Engineers and Architects 
Water Supply & Purification; Sewerage & Sew- Water Works, Sewers, Refuse Disposal 
age Disposal; Industrial Wastes; Investigations and Other Public Works Engineering 
& Reports; Design; Supervision of Reports, Investigations, Consultations, 
Construction & Operation Plans, Specifications and Supervision of 


Construction Work 


The First National Bank Building, 
36 De Grasse St. Paterson 1, N. J. Miami 32, Florida 


Analytical Laboratories 


Check these pages for the professional firm near you. 
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PROFESSIONAL SERVICES 


REAVES, GREGORY 
& KNOWLTON 
Consulting Engineers 
Paut C. REAVES 
PauL D. Grecory 
R. L. (Dick) KNowLTON 
100 N. University Drive Fort Worth 7, Texas 


REYNOLDS, SMITH AND HILLS 


ENGINEERING Diviston 


Planning + Reports 
Design + Supervision 


BOX 4817 - JACKSONVILLE 1, FLORIDA 


THOMAS M. RIDDICK 
& ASSOCIATES 
Consulting Engineers and Chemists 
Municipal and Industrial Water Purifica 
Sewage Treat ent Plant Supervis 
Industrial Waste Treatme 
Laboratories for Chet and Bacter 
Analyse 


ological 


369 E. 149th Se. New York 55, N.Y. 
MOtrt Haven 5-2424 


WILLIAM G. RIDDLE 
& ASSOCIATES 


Consulting Engineers 


916 WEST 471 STREET e PLAZA 3-2300 
KANSAS CITY 12, MISSOURI 


RIPPLE AND HOWE, Inc. 
Consulting Engineers 
A. VASEEN 


Water Works Systems, Filtration 
Plants, Reservoirs a 
Storm Sewers ewage 
Refuse Disposal, Airports 
2747 Zuni Street Denver 11, Colorado 


RUSSELL AND AXON 
Consulting Engineers 
Civil — Sanitary — Structural 
Industriai — Electrical 
Rate Investigations 
408 Olive St., 
St. Louls 2, Mo. 


Municipal Airport 
Daytona Beach, Fla. 


TRUMAN SCHLUP 
CONSULTING ENGINEER 


Highways, Structures. Water, Sewerage 
Reports 


Investigations, Supervision of Construction 


Design 


1401 Fairfax Traflicway 


Kansas City, Kans. 


SERVIS, VAN DOREN & HAZARD 
Engineers-Architects 
Investigations - Design - Supervision of 

Construction Appraisals 

Water - Sewage - Streets - Expressways - Highways 
Bridges - Foundations - Airports lood Control 
Drainage - Aerial Survey te ng -Urban 
Subdivisions - Industrial cili Electrical 


2910 Topeka Blvd. Topeka, Kansas 


J. E. SIRRINE COMPANY 
GREENVILLE, SOUTH CAROLINA 


Design, Reports, Consultations 


reatment 


am Pollution Surveys 


te Treatment 


“al and Bacteriological Analyses 


SMITH and GILLESPIE 
Consulting Engineers 
All types of 
Municipal Public Work 
Utilities 


Complete Services 


P. O. Box 1048, Jacksonville 


John R. Snell 


Imc. 221 N. Cedar ® Lansing, Mich. ® IVanhoe 4-9493 


Water Pur 
Sewage Treatment ® Refuse Collection ® Compostir 


eration ® Urban Plan g ® Industria 


fication ® Water ipply @ Sewerage Systems 

g ® Incin 
Waste ® Bridges and 
Streets ® Soils and Foundations ® Research and Development 


These firms are alphabetically listed at end of section. 
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STANLEY 
ENGINEERING COMPANY 


Consulting Engineers 


Hershey Building 
Muscatine, lowa 


208 S. LaSalle Street 
Chicago 4, Illinois 


Hanna Building 
Cleveland 15, Ohio 


ALDEN E. STILSON & ASSOCIATES 
Limited 


Consulting Engineers 
Water Supply—Sewerage—Waste Disposal 
Bridges—Highways—Industrial Buildings 
Studies—Surveys— Reports 


245 N. High St. Columbus 15, Ohlo 


ry” 
TICGHE & BOND 
CONSULTING ENGINEERS 
Bowers and Pequot Streets 
Holyoke, Massachusetts 
Tel. JEfferson 3-3991 
Civil, Sanitary and Electrical Engineering 
Investigations, Reports, Plans and Specifications 
Supervision of Construction and Operation 


WALLACE & HOLLAND 


Consulting Engineers 
Civil — Sanitary — Structural 


401 N. Federal Mason City, lowa 


R. E. WARNER & ASSOCIATES 


Engineers 
CHerry 4-2286 


Broadway Bldg. Lorain, Ohio 


J. STEPHEN WATKINS 
J. S. Watkins G. R. Watkins 
CONSULTING ENGINEERS 


Municipal and Industrial Engineering, Water 

Supply and Purification, Sewerage and Sewage 

Treatment, Highways and Structures, Reports, 

Investigations and Rate Structures 

446 East High Street Lexington, Kentucky 
Branch Office 

4726 Preston Highway Louisville, Kentucky 


LEONARD S. WEGMAN CO. 


Consulting Engineers 


Water, Sewerage and Drainage Works 
Incinerators 
Sanitary, Industrial W astes—Treatment, Recovery 
Erosion, Flood and Waterfront Works 
Reports — Design — Supervision 


235 East 45th St. New York 17, N. ¥. 


ROY F. WESTON, INC. 
Engineers—Biologists—Chemists 
Water—Sewage—lIndustrial Wastes—Refuse 
Stream Pollution—Air Pollution 
Industrial Hygiene 
Surveys—Research—Development— Process 
Engineering — Plans and Specifications 
Operation Supervision — Analyses 
Evaluations and Reports 


Newtown Square, Pennsylvania 


WESTON & SAMPSON 
Consulting Engineers 
Water Supply Water Purification 
Corrosion Control 
Sewerage, Sewage and Industrial 

Wastes Treatment 

Stream Pollution Studies 

Supervision, Valuation 

Laboratory 


14 Beacon Street Boston 8, Mass. 


WHITMAN & HOWARD 
Engineers (Est. 1869) 


Sewerage, Sewage Disposal, Municipal and In- 

dustrial Development Problems, Water Supply 

Water Purification, Water Front Improvements, 

Investigations, Reports, Designs, Supervision, 
Valuations 


89 Broad Street, Boston, Mass. 


WHITMAN, REQUARDT & ASSOCIATES 


Engineers—Consultants 
Civil — Sanitary — Structural 
Mechanical — Electrical 
Reports, Plans, Supervision, Appraisals 
1304 St. Paul Street Baltimore 2, Maryland 


A PROFESSIONAL CARD 
presents your services to over 10,000 
paid readers with each issue of the 
Journat. This is where potential 
clients seek professional assistance. 


WRITE TODAY 
FOR RATES 


Contact prospective clients every month with a professional card. 
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INDEX TO ADVERTISERS 
(See pages 704a, 706a, 708a, and 710a for full listing of products.) 


Page 
American Concrete Pressure Pipe A iatio : ; 680a, 68la 
American Well Work 683a 
Anaconda American Brass Compat 689a 
Armco Drainage and Metal Products, Incorporated , 690a i 
B-I1-F Industries Division, The New York Air Brake Company ; Second Cover 
Cast Iron Pipe Research Associatior sweaeds 674a, 675a f 
Chicago Pump Compa Facing Second Cover 
Combustion Engineering (Raymor Division) 686a, 687a 


Davco Corporatior 
Dorr-Oliver Incorporated 


Dow Industrial Service 


Eimco Corporatior . 678a, 679a 
Flexible Incorporated ‘ aa 682a 
General Chemica! Division (Allied Che al Corporatior : 695a 
Homestead Valve Manufacturing Company 69la 
Inertol Company, Incorporated . =a 688a 
Infilco Incorpe rated 673a 
Komline-Sanderson Engineering Corporatior 
Lock Joint Pipe Company Kes Third Cover 
National Wate: Main Cleaning pany 694a 
Nichols Engineering and Research ( poratior epee : . 669a 
United States Pipe and Foundry Company 3 676a, 677a 
Walker Process Equipment Incorporated Facing Third Cover 


PROFESSIONAL SERVICES, 715a-723a 


Albright & Friel, I Gannett Fleming Corddry & Car Metcalf & Eddy 


Alvord, Burdick & Howson penter, Inc Montgomery, James M 

Baffa, John Gi & Hill, Inx Nussbaumer, Clarke & Velzy, Inc. 
Baker, Michael, ] I Gilbert Associates, In O'Brien & Gere 

Baxter and Woodma Greeley & Hansen rsor 


Beak, Thomas W Green, Howard R., ( 
Beavin, Ber n eng 

Bell, Howar if 
Benham Engineering ( Haskir Sharp & Ordelheide 
Betz Laboratories, Inc Haver and Emerson 

Black, Crow and Ejidsness Inc Hazen and Sawyer 

Black and Veatch Henderson, Angus D 

Bogert, Clintor Henningson, Durham & Richard- 
Bowe, Albertson 
Boyle Engineer 


H rner & Shifrin 


Brown and ( Hubbell, Roth & Clark, Inc Robert and (¢ ompany Associates 
Browne, Floy and Associates Hudson-Rumsey Co., Inc. Russe ind Axon 
Buck, Seifer Jost Ingram, William 7 Schlup, Truman 


Burgess & Niple Jennings-Lawrence Co Servis, Van Doren & Hazard 


Burns & McDonne Johnson & Anderson, In Sirrine, J. E., Co 
Camp, Dresser and McKee Jor Henry & William Smith and Gillespie } 
. in g Cory Kennedy Engineers Snell, John R., Engineers, Inc 
Kirkha Michael & Associates Stanley Engineering ( 
rhe Knowles, Morris, Inc Stilson, Alden E., & Associates 
7 Consoer, “ end & Associate K ig and Koebig Tighe & Bond 
f Crawford, & Tilly Lanning Sanitary Engineering Co., Wallace & Holland ; 
Damon & In Warner, R. E., & Associates } 
Dow Industrial Service Lockwood, Kessler & Bartlett, Inc Watkins, J. Stephen 
Fay, Spofford & Thorndike, In« Lozier Consultants, In Wegman, Leonard S., Co 
Finkbeiner, Pettis & Strout Maguire, Charles A., & Associates Weston, Roy F., Inc. 
Fridy, Gauker, Truscott & Fridy, Main, Chas. T., In Weston & Sampson 
Inc McNamee, Porter and Seeley Whitman & Howard 
Fromherz Engine Meb George B., Inc. Whitman, Requardt & Associate 


PATRONIZE OUR ADVERTISERS—whose support makes possible the publication 
of this journal. When writing advertisers be sure to mention JOURNAL of the WATER 


POLLUTION CONTROL FEDERATION. 


‘ 
692a 
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Purcell, Lee 7 
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re. Reaves, Gregory & Knowltor 
fe Rey is, Smith and Hills 
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M.O.P. 7—-SEWER MAINTENANCE 


® complete coverage for protecting 
a $15 billion investment 


a first in the field 


64 pages 
© 68 references 


$1.00 to members; $1.50 to others 


® see coupon on WPCF Publications 
page in back of JOURNAL 


WATER POLLUTION CONTROL FEDERATION 
4435 Wisconsin Avenue Washington 16, D.C. 
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DIRECTUBE HEATX 
— for economical sludge heating 


GAS LOCKING CHAMBER 
— for safe, easy inspection 


GAS-LIFT PRINCIPLE 


— for powerful over-all stirring 


All Gaslifter equipped digesters have the 
common advantage of better, uniform di- 
gestion. Contents are liquefied, completely 
circulated and diffused—even dense 
sludges, surface grease and scum. Bottom 
shoals eliminated. The eductor tube, gas- 
lift principle creates a powerful over-all 
roll within the digester which sweeps all 
areas resulting in complete homogenizing 


Positive, powerful roll allows for economical 
intermittent operation since steady state ho- 
mogenization takes place within 15 minutes 


Rapid gasification is induced while volatile 
acids remain low 


Incoming green sludge is readily admixed so 
as to accelerate its digestion permitting maxi- 
mum loading. Methane yield is increased and 
good supernatent obtained 


Built-in gas locking chamber permits safe 
withdrawal of the gas diffuser from within the 
lift tube without digester shut-down or danger 


The DIRECTUBE HEATX -GASLIFTER assembly 
combines economical, positive temperature con- 
trol and efficient digester operation. DIRECTUBE 
HEATX is shop fabricated as an integral part of 


ASLIFTER 


JOURNAL WPCF 


DIGESTER 


CIRCULATOR-MIXER 


the GASLIFTER and requires only hot water re- 
circulation lines from a Walker Sewage Gas 
Boiler. Optimum temperature requirements ore 
easily maintained. Available with manual or 
automatic controls 


Write for bulletins 24-S-82 and 25-5-91 


Top Left — LAS CRUCES, N.M.— 8000 gpm GAS- 
LIFTER in 50’ dia. digester with fixed cover 
R. A. Smith, Supt. Gordon Herkenhoff & Assoc 
Albuquerque, Cons. Engrs 


Top right — SACRAMENTO COUNTY, CALIF 
(San. Dist. #3) GASLIFTER in 70’ dia. digester 
with fixed concrete cover. Mr. Norman Farnum 
Supt. Dewante & Stowell, Sacramento, Cons 
Engrs 


WALKER PROCESS EQUIPMENT INC. AURORA. 


a leader in equipment for 


SEWAGE TREATMENT @© WATER TREATMENT @ INDUSTRIAL WASTE TREATMENT 
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OVER 50 YEARS 
EXPERIENCE 


LOCK JOINT 
RUBBER and CONCRETE JOINT 


RUBBER GASKET—, CIRCUMFERENTIAL 
REINFORCEMENT 


ED 
LONGITUDINAL MOMINAL PIPE 
REINFORCEMENT OlAMETER — 


SEWER AND CULVERT PIPE PLANTS: 


Kenilworth, N. J. Beloit, Wis. Denver, Colo. 
Hartford, Conn. Chicago, Ill. Cheyenne, Wyo. 

New Haven, Conn. Rock Island, Il. Casper, Wyo. 

Buffalo, N. Y. Valley Park, Mo. Tucumcari, N. Mex. 
Rochester, N. Y. N. Kansas City, Kans. Hato Rey, Puerto Rico 
Edgewater, Fla. Tulsa, Okla Carolina, Puerto Rico 
Miami, Fla. Oklahoma City, Okla Ponce, Puerta Rico 
W. Palm Beach, Fla Wichita, Kans Caracas, Venezuela 


Delivery of Roller Suspension Sewer Pipe 1960. 


A pioneer in the concrete pipe industry, Lock Joint Pipe 
Company has devoted over half a century to the 
development of concrete pipe in this country and to the 
evaluation and application of outstanding manufac- 
turing techniques from abroad. 


Lock Joint Roller Suspension Sewer and Culvert Pipe 
points up the value of such research and development. 
The unique process used in the manufacture of this pipe 
produces concrete walls of unusual density and abrasion 
resistance, joint ends of almost machined precision and 
a joint design giving the ultimate in infiltration protec- 
tion, and flexibility. Produced in standard 8’ lengths, it 
ranges in diameter from 12” to 72”. 


Lock Joint also produces machine made and cast pipe 
ranging in diameter from 6” to 120”, and even larger if 
required. All pipe may be designed to comply with 
A.S.T.M., State Highway or individual specifications. 


East Orange, New Jersey 
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| _ COMPOUND-LOOP CONTROL 


Compound-loop Control by Wallace & Tiernan maintains chlorine 
residuals automatically—provides utmost flexibility in arrangement and 
process control. 

Chlorinator feed rate is adjusted by two signals: one from water 
flow. the other from continuous, automatic residual analysis. Since feed 
rate is the product of these signals, Compound-loop Control gives you a 
range of greater than 100:1. No matter how much flow or demand 
changes, your system always maintains the selected residual. 

Regardless of the size, type, or physical layout of your system, 
Compound-loop Control adapts readily. Electric, pneumatic, or 
variable vacuum control signals can be used. And you can in- 
stall Compound-loop Control as a package or convert to it, 


component by component, as your system expands. 


For more information, write Dept. S-145.84 


WALLACE & TIERNAN INCORPORATED 


2S MAIN STREET. BELLEVILLE 9,NEW JERSEY 
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